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SECTION I

INTRODUCTION

BACKGROUND

To retain an operational capability after an attack, an airbase must be

able to repair the damage to its airfield. A section of the airfield with the

least amount of damage and shortest repair time, called a minimum operating

strip (MOS), must be selected. Explosive ordnance disposal (EOD) teams must

clear the MOS of any unexploded ordnances so that bomb damage repair (BDR)

teams can repair the MOS.

The repair of bomb craters involves backfilling the crater and capping

the repair with a material sufficiently strong and smooth to allow safe air-

craft operation. The repair must be strong enough to support military air-

craft without danger of excessive deflection under load, and it must be highly

durable or traffickable to allow a large number of passes or operations of

aircraft without excessive deterioration such as rutting. In the past, these

strength parameters have been evaluated by expensive and time-consuming field

tests for various types of materials and repair techniques before their recom-

mendation and adoption as standard military procedures. However, with the aid

of modern computers it is possible to perform a structural evaluation of a

repaired bomb crater and thus to reduce or eliminate the field testing and

evaluation effort.

A bomb damage repair computer code (Reference 1) has been developed by

the New Mexico Engineering Research Institute (NMERI) of the University of New

Mexico. It is capable of calculating -he stresses, strains, and deflections of

a repaired bomb crater due to the static load of single- or multiple-wheel

aircraft. The BDR code is a version of the AFPAV and PREDICT computer codes
(References 2 and 3), modified to perform structural evaluations of repaired

bomb craters. As with any calculational technique used to predict perform-

ance, the BDR code must be validated by comparing calculated crater responses

with known or measured crater responses.

.. .. 5 '1
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SCOPE

The scope of this research effort was to develop an instrumentation plan

to gather field test data for comparison with analytical predictions from the

BDR computer code. The BDR code was reviewed and parameters that could be

measured in the field were identified. A literature survey was performed of

available equipment that could measure these parameters. Following the
approval of the Air Force Engineering and Services Center (AFESC), the equip-

ment was procured and transferred to AFESC personnel who received a demon-

stration in the use of the equipment and data collection techniques. The task

originally required NMERI supervision of AFESC personnel who would perform-

the North Field Demonstration Test at North Field, South Carolina, during Aug-

ust 1980. However, changes in AFESC personnel resulted in NMERI personnel

performing the necessary instrumentation effort during the field test. Appen-

dix A contains an instrumentation user's manual. Data collected at North

Field were analyzed by NMERI and documented in a data report included in

Appendix B.

OBJECTIVE

The objective of the task was to recommend and procure the equipment

necessary to instrument repaired bomb craters during field tests or simulated

repaired craters at the AFESC Test and Evaluation Site, Tyndall Air Force
Base, Florida. The equipment would measure selected crater responses for

comparison with calculated crater responses from the BDR code.

hI 2



SECTION II

INSTRUMENTATION REVIEW AND RECOMMENDATIONS

To familiarize the reader with the BDR code, a brief description follows.

More detailed information can be obtained from Reference 1.

The BDR code is a nonlinear finite-element analysis program. The input

consists of aircraft characteristics, true crater profile, layer thicknesses,

and material properties. The code develops a model of the repaired crater

consisting of rectangular sections or elements, each element having a certain

strength or stiffness defined according to the layer thickness and material

property information. The static wheel load of an aircraft is applied to the

elements corresponding to the contact area of the tire. The wheel load is

mathematically distributed to the elements comprising the crater model accord-

ing to each element's stiffness. Finally, the deflection, stress, and strain

produced by the aircraft wheel load are tabulated or plotted for various loca-

tions of the crater model.

The selected output of the code is designed around a rational pavement

analysis procedure (see Reference 4 for a review of conventional pavement

design and evaluation procedures). For conventional pavements the critical

evaluation parameters are the subgrade compressive strain, surface material

maximum tensile strain, and tensile stress. The subgrade compressive strain

must not be excessive or the pavement may fail under load due to excessive

deflection. The maximum tensile strain is an evaluation and design criterion

for flexible pavements such as asphaltic concrete. Flexible pavements are

designed to absorb the applied stress within different material layers. Lab-

oratory experiments have verified that asphaltic concrete beam specimens fail

by excessive tensile strain at the extreme edge of the specimen under load.

The tensile stress criterion is utilized with rigid pavements, such as port-

land cement concrete (PCC), that are designed to distribute the applied stress

to different material layers. Failure algorithms for PCC pavements indicate

that the life of the pavement is inversely proportional to the maximum tensile

stress produced in the pavement. Thus, for the PREDICT pavement analysis code

3
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the output consists of the subgrade compressive strain and maximum tensile

stress or strain. These values are compared with fatigue algorithms that

predict the number of allowable aircraft operations.

These procedures have been accepted for evaluating pavement performance,

because paving materials typically are of high quality and are placed and com-

pacted to design specifications. However, BDR repair techniques and materials

may not be of the same high quality as those for pavements. The craters may

have to be repaired under adverse conditions and with a lack of resources,

materials, equipment, and manpower. Thus, the performance of the repaired

crater is less consistent due to differences in materials, procedures, and

repair conditions.

In the repair process, the crater ejecta are cleared from the area after

a portion is pushed back into the crater. This material is very nonhomogen-

eous and may contain sections of the fractured pavement and varying amounts of

the base course and subgrade materials. The pushback material receives very

little, if any, compaction, causing greater variations in material properties

which may effect crater performance.

The surface of the repair may be a material similar to the original pave-

ment or a select fill material capable of supporting the anticipated aircraft

operations. Present procedures recommend a well-graded, crushed limestone

material containing both large and small particles to optimize the density and

strength characteristics of the material. Other materials considered by the

Air Force include epoxy resins and rapid setting cements that provide in a

very short time a sufficiently strong crater repair for aircraft operations.

If an approach to bomb damage repair similar to rational pavement evalua-

tion and design is utilized, then the same parameters (subgrade compressive

strain, maximum tensile strain, and tensile stress) may be used to evaluate

repaired bomb crater performance. However, consideration must be given to

those aspects of the evaluation peculiar to bomb damage repair. Due to the

nonhomogeneity of the pushback material, any measurements made in this area

4



are likely to indicate erratic behavior and large variations in the collected

data. The pushback material will compact and consolidate with time; traffic

or environmental changes will accelerate this process. Stress concentrations

will develop in the area containing sections of pavements or other foreign

debris in the pushback.

LITERATURE REVIEW

Because of the unknown factors associated with bomb damage repair and the

wide variety of materials that may be tested, no single measurement device

could be recommended for use in the instrumentation of repaired craters. It

was requested that, in addition to recording static measurements, the instru-

mentation be capable of recording dynamic measurements and synchronizing with

instrumented aircraft for comparison of responses. A literature survey was

performed to investigate the types of instruments presently utilized to mea-

sure stress, strain, and deflection. After measurement devices were tenta-

tively selected an instrumentation system was designed to allow recording data

due to static and dynamic loads.

PRESSURE GAGES

A literature review was performed to evaluate devices that have been used

to measure pressures in soils and pavement systems. A brief discussion of the

different types of gages reviewed is presented here.

The first gage type is a membrane- or diaphragm-type gage consisting of

one or two thin deflecting surfaces that are in contact with the soil. When

pressure is applied to the gage surface, the resulting deflection is measured

4 'by one of three different methods: (1) strain gage, (2) vibrating wire, or

:4! (3) pressure transducer. In method I one or two strain gages are placed on

4I the interior surface of the deflecting gage membrane, as shown in Figure 1.

As the membrane deflects, the length of the strain gage is increased causing

a corresponding change in resistance and voltage. Calibrations are performed

in the laboratory to correlate the voltage ouput with the applied stress.

Method 2 involves a wire stretched between a fixed point of the gage and the

5
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inside face of the deflecting membrane, as shown in Figure 2. The length of

the wire changes as stress is applied and the membrane deflects. The change

in length of the wire is determined by vibrating the wire and recording the

frequency of oscillation, which calibration data can correlate to the applied

stress. The third method, presented in Figure 3, utilizes a pressure trans-

ducer to indicate changes in the internal pressure of a gage that is filled

with an incompressible fluid. As stress is applied and the membrane deflects,

the internal volume of the gage is decreased, causing an increase in the fluid

pressure.

Another type of gage developed at NMERI and shown in Figure 4 is the

column- or spool-type gage that is similar to a load cell. The column gage

consists of a strain-gaged aluminum cylinder whose flat surface is exposed to

the soil. Pressure on this face causes the column to deflect and the measure-

ment is made using the output of the strain gage.

Because of the nonhomogeneity of the crater backfill materials, a large

surface area gage was deemed necessary to attempt to average any stress con-

centrations in this application. A large surface area gage would also con-

tribute to less data scatter or variability caused by other factors such as

gage placement effects. These criteria eliminated the column- or spool-type

gage.

Another consideration of the soil stress gage was that the gage must be

as thin as possible to minimize arching of the soil around it. This arching

would cause the measured response to be greater than the actual response.

Ideally the gage should match the stiffness properties of the soil so that

the placement of the gage does not disturb or alter the stress field. Figure

5 shows the effects of different gage thickness-diameter ratios and the modu-

lar ratio of the soil and gage on the response of the gage. For a particular

thickness-diameter ratio, the gage will underregister if the gage is less

stiff than the soil and will overregister if the gage is stiffer than the

soil. For a particular modular ratio less than unity, the gage under-

registers in direct proportion to the thickness-diameter ratio. If the gage

7
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Figure 2. Vibrating Wire, Membrane-Type Pressure Gage (Ref. 8).
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a. UNM column- stress gage (after Lynch, 1966).
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b. UNM spool stress gage (after Abbott, et. al., 1967).

Figure 4. Column- And Spool-Type Stress Gages (Ref. 5).
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is stiffer than the soil, overregistration occurs in direct proportion to the

thickness-diameter ratio. Therefore, the ideal gage should match the stiff-
ness of the soil exactly for agreement with the measured and actual field

responses. However, this would require that each gage be individually

designed for the type of soil in which it is to be located. This is an
impractical approach. Referring to Figure 5, gage under- and overregistration
can be minimized independently of modular ratio if the gage thickness-diameter

ratio is as small as possible.

4 Most of the pressure gages utilized in the field and documented in the

literature were for measuring soil-structure boundary pressures. However,

some testing did include soil pressure measurements and typically used the

membrane-type gage. References 5 through 13 provide an adequate background

for assessing the operation of the gages and present some typical

applications.

The conclusions reached after reviewing these references are:

(1) membrane-type gages have been successful in measuring both static and

dynamic soil pressures (Reference 10); (2) the pressure gage should be

slightly stiffer than the medium in which the gage is placed; (3) the gage

should have a large diameter-thickness ratio to minimize arching effects;
(4) gage diameters ranged from approximately 2 to 15 inches, and typically

were from 6 to 10 inches.

STRAIN GAGES

The literature review yielded very few articles on soil strain gagesLi (References 14 through 17). Reference 14 is a state-of-the-art report and
describes two types of soil strain measurement systems..1 The first consists of two plates located at some distance from each
other and connected by a rod that is free to move, as shown in Figure 6.

M1ounted on the end of the rod is the core of a displacement transducer that

mates with the inductive coil mounted on the other plate. Movement is indi-

cated by the position of the core within the coil similar to a Linear

12



K 62 mm

Rubber
bel lows

Core Inductive
di spl acement

,, transduce r

Araldi te-coated
cable connections

Figure 6. LVDT-Type Strain Measurement Device (Ref. 14).

113



Variable Displacement Transducer (LVDT). This type of device is cumbersome

to install and the LVDT-type measurement may cause movement to be restricted.

The strain is computed knowing the relative movement and initial spacing of

the plates.

Figure 7 presents the second type of soil strain measurement device con-

sisting of a pair of coils manufactured by Bison Instruments, Inc. The coils

operate on the principle of electromagnetic inductance: one coil creates an

electromagnetic field that can be sensed by the second coil which produces a

voltage proportional to the distance between the coils. The output is cor-

related with calibration curves obtained in the laboratory with known coil

spacing and movement. This device can be used to record both static and

dynamic measurements. However, in dynamic applications any nonstationary

metallic object within five diameters' distance may cause the electromagnetic

field to be disturbed, introducing errors into the data. A similar device

has been used to record lateral strains of cylindrical soil samples tested

in triaxial compression apparatus (Reference 17).

For bound materials or materials capable of tensile forces, devices

similar to the first type of strain device described above may be used.

NMERI has had good results using an embeddable-type strain gage (Refer-
ence 18). This type of gage, shown in Figure 8, can be easily installed using

various techniques and used in laboratory testing, as well as in the field.

The Bison coils may also be used to measure tensile strains.

DEFLECTION GAGES

Various methods have been used to record the deflection of pavement

layers under load, both static and dynamic (Reference 14). However, deflec-

tion measurement devices were not extensively researched, based on information

from NMERI electronics personnel, on the incompatibility of such devices with

anticipated electronic equipment.

Briefly the methods consist of displacement transducers, laser and opti-

cal systems, and velocity and acceleration transducers. With displacement

14
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transducers, the deflection of the surface is indicated and recorded via a

transducer that is located between a stationary datum and the surface. If

displacement of a subsurface layer is desired, the LVDT is placed on a rod

and connected to a plate that is installed at the desired depth or interface

location. Laser and optical systems may consist of a sophisticated rod and

level survey method, or may consist of a more complicated procedure such as

measuring the intensity of a reflected laser beam. Another optical system

consists of photoelectric cells mounted on a frame to measure the dynamic

deflection basin produced by the wheel load. Velocity and acceleration

transducers can be installed at any point in the pavement system. Single

integration and double integration, respectively, provide the deflection under
load. However, these instruments can measure only dynamic deflections.

RECOMMENDED EQUIPMENT

After considering both the equipment available to measure stress, strain,
and deflection for BDR applications, and the requirement to perform these

measurements at the North Field Demonstration Test, NMERI recommended equip-

ment to AFESC/RDCR for use in the BDR code verification instrumentation plan.

The recommended equipment consisted of membrane-type pressure gages, Bison soil

strain gages, and embeddable-type tensile strain gages.

Most of the membrane-type gages cited in the literature were not avail-

able commercially and were fabricated for the North Field test. Time did not

allow NMERI to design and fabricate a stress gage for the test. Therefore,

NMERI conducted a search for commercially available pressure gages that could

be received in time to perform preliminary calibrations and evaluations.

NMERI contacted Terra Tek of Salt Lake City, Utah, concerning the availability

of membrane-type pressure gages installed under their supervision in various
earthwork operations and dams.* Arrangements were made with Terra Tek and a

pressure transducer distributor to provide all parts necessary to fabricate

five membrane-type pressure gages. The parts were received at NMERI in time

to perform preliminary testing that indicated dynamic overregistration

response of the gage to a moving load compared to the static load. Because

*Personal communications with Mr. Mike Voegele, Terra Tek, Salt Lake City,
Utah, April 25, 1980.
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of the lack of time, these gages were used at the North Field test with addi-

tional gage evaluations to be performed after the test. NMERI contacted a

second manufacturer of a membrane-type gage, Geokon of West Lebanon, NH, and

purchased two gages for comparison with the Terra Tek gages. Requisitions

were placed for three soil strain measurement devices, but the anticipated

delivery date (after the date of the North Field Test) prevented their use in

the test. The embeddable tensile strain gages were available in-house, but

were not necessary for the North Field Test since that test did not include

conventional, bound materials capable of tensile strain measurements.

To record the data, a conventional 14-track FM analog tape recorder was

retained. The unknown factors of signal duration, test duration, and signal

frequency content precluded the use of digitizing units and automated, mini-

computer data acquisition systems, because of fast digitizing rates and the

quantity of digital data that could be collected. An analog recorder
recorded the actual data that could be digitized, if desired by the Eglin or

Kirtland Air Force Base computer centers for more detailed analyses. In

addition to the analog recorder, signal conditioning equipment and amplifiers

were necessary to allow high quality data to be recorded. An Interrange

Instrumentation Group (IRIG) code generator/reader placed a coded signal on

the tape so that the signals could be reproduced, analyzed, and correlated to

real time. The IRIG generator could be synchronized with other IRIG units or

WWV time transmissions for correlating with instrumented aircraft responses.

The pressure gages (Terra Tek and Geokon) were statically calibrated in

the laboratory to determine nonlinear characteristics of the voltage output
with load and calibration factors. These curves were used to select the appro-

priate signal conditioner shunt calibration resistance for the anticipated

pressure level (Appendix A). A gage was placed in a blended limestone aggre-

gate material similar to the crushed limestone material used at North Field to

evaluate a placement technique and record data for a moving wheel load over a

backfilled test pit. The moving wheel load was created by a NMERI truck at a

speed of approximately 10 to 15 miles per hour. Static wheel loads were also

recorded. Upon comparison of the static and dynamic peak pressures indicated

by the gage, dynamic pressures exceeded the static stresses by approximately

50 percent.
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An effort was made to evaluate the gage output voltage as a function of

frequency, but problems with the dynamic calibration equipment prevented any

conclusive data to be collected. After the North Field test, an alternate

approach was taken to evaluate the dynamic response characteristics of the

gage utilizing digital signal processing and fast Fourier transforms (FFTs).

In this method the gage was subjected to an impact load and the corresponding

gage response digitally recorded by a minicomputer. An FFT of the signal was

performed that provides the modulus and phase as a function of frequency. By

looking at the modulus of the gage signal due to an impact load, peaks can be
detected that indicate resonant frequencies of the gage when compared to

troughs or lower modulus values which indicate attenuation frequencies and

mean gage performance. Figure 9 shows an example of an FFT from an impact
load on a pressure gage. The mean performance of the gage is shown as a

dashed line. It is logical to anticipate that the gage will indicate a higher

pressure compared to the mean if the frequency of the induced pressure wave

corresponds to a resonant frequency. Thus, a correction factor is necessary

to adjust the data to more accurately reflect the actual pressure applied to

the gage.

A preliminary correction factor of one-third was developed for the data

collected at the North Field test. The data multiplied by one-third resulted

in the dynamic pressures being approximately 10 to 50 percent of the static

stress. More detailed analyses of the North Field test data are included in

Appendix B. All personnel involved with instrumentation and BDR crater per-

formance should review the data report in Appendix B.

The Bison soil strain measurement system haF been briefly described.

The system consists of a measurement and calibration unit and two sensors, one
transmitter, and one receiver. A carrier signal provided by the measurement

unit is input to the transmitting sensor and an electromagnetic (EM) field is

created in the vicinity of the sensor. The second sensor (the receiver)

intercepts the EM field and produces an output voltage that is proportional to

the strength of the field. The closer the receiver is to the transmitter, the
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stronger the field and the greater the voltage produced. By correlating the

voltage level with calibration curves developed in the laboratory, the spacing

can be determined. If the sensors move toward or away from each other, the

change in voltage is used to determine the change in spacing. Calibration

data are provided in the instrumentation user's manual (Appendix A). Because

the receiving sensor produces a voltage proportional to the strength of the

EM field, the orientation of the sensor can cause changes in the voltage. If

the sensors are not perfectly parallel or coaxially aligned with each other,

the voltage will be less, indicating a closer sensor spacing than the actual

spacing. These effects were assessed in the laboratory and the methods and

results are presented here.

Initial calibration required that a pair of sensors be assigned to a

specific measurement instrument to minimize the number of calibrations to be

performed. The calibration data will vary from sensor to sensor, but these

variations are estimated to be minimal when compared to the data. Ideally, a

statistical analysis should be performed on the calibration data using a large

number of sensors and several measurement instruments to determine whether the

variation is significant enough to warrant sensor assignment to specific

measurement instruments. The calibration data collected by NMERI indicated a

small variation in the data. If AFESC/RDCR will be using the soil strain

measurement system extensively, it is recommended that a statistical analysis

of the data be performed.

The sensors were initially placed at the approximate minimum sensor

spacing. Sensors were connected to the measurement instrument, Model 4101A,

and the amplitude dial reading allowing the 4101A to be nulled was recorded.
The sensor spacing was increased and the new amplitude dial reading for the

null condition was recorded. This sequence was continued for greater spac-

ings and for the different ranges of operation of the 4101A. To determine

the sensor spacing in the field the reverse sequence was followed. The ampli-

tude dial reading for the null condition was used with the calibration data

tables in Appendix A to determine the sensor spacing.
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Once the sensor spacing was established, it was necessary for optimum

data collection to set the 4101A on the FM analog recorder without changing

the operation range of the instrument. To accomplish this, a second calibra-

tion procedure was performed. The sensors were placed at a selected spac-

ing and the 4101A was nulled. The amount of movement that corresponded to

40 to 80 percent of the full range capability was determined. These read-

ings indicated that the 41OIA response was nonlinear. That is, the change

in voltage from 5- to 5.1-inch spacing was not the same as from 10- to

10.1-inch spacing. The output of the 4101A was most linear over the mid-

range of the maximum allowable movement for a particular initial spacing.

Also, the data were most linear at a sensor spacing of twice the sensor dia-

meter.

In the field after the initial spacing has been determined, the maximum

strain can be obtained from the calibration data tables in Appendix A. The

anticipated level of strain was used in the equations provided in the user's

manual to select the calibration signal dial reading for recording the data.

This allowed the data to be recorded in the midrange of the instrument and

minimized the nonlinear effects.

Sensor tilt effects were evaluated by placing the sensors at a selected

spacing, nulling the 4101A, and recording the corresponding amplitude dial

reading. One sensor was tilted 5, 10, and 15 degrees from the parallel

sensor configuration and the new amplitude dial readings that corresponded to

the new null condition were recorded. These data indicated that a maximum

tilt of 15 degrees caused the instrument to null at an amplitude dial read-

ing corresponding to a position approximately 0.10 inch closer than actual

sensor spacing. To determine the significance of this on the data collected,

assume two field situations, A and B. In case A the sensors are 8.0 inches

apart and perfectly parallel. In case B the sensors are 8.0 inches apart,

but at a tilt of 15 degrees, giving the indication that the sensors are
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7.9 inches apart. Assume the sensors will move 0.1 inch closer. The computed

strain for cases A and B are calculated as

0.1 -
Case A, E = = 12.5 x lO-

8.0

Case B, c = M--= 12.7 x 10"17.9

The error is approximately 1.3 percent. The most significant effect on the

data would occur when the sensors move and tilt at the same time. This would

indicate a greater strain than actually occurred. This effect on the data can

be minimized through periodically recording the static position of the sensors

by nulling the 4101A, determining the new spacing, and calculating new cali-

bration amplitude settings.

A similar effect is caused by a coaxial offset of the two sensors. At a

spacing of 1.5 diameters, a 1-inch offset causes a 0.50-inch error in the cal-

culated spacing. The error is reduced 0.10 inch at a 2.5-diameter spacing.

At the recommended spacing of 2.0 diameters, the error is approximately 0.1 to

0.2 inch. Again, coaxial offset effects can be reduced by nulling the 4101A

periodically and calculating new calibration amplitude settings, if sensor

offset is suspected during a test.

Additional errors can be created in the data byrecording measurements,

when the 4101A unit is not properly warmed up or with low power battery opera-

tion. Before any measurements are made, the 4101A should be operated for 10

to 15 minutes. After every test, the units should be connected to the

charging devices to eliminate low power operation. It is possible to develop

an alternate external power supply to allow continual operation of the meas-

urement units.

4 If the cable connecting the sensors to the 4101A measurement unit is very

long, the calibration data tables provided in Appendix A will be slightly in

error. The calibrations were performed with approximately 6 feet of cable.
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Increasing the cable length to 1000 feet would cause calculation of the

sensor spacing to be 0.3 inch greater than the actual spacing. For reason-

ably long cables (i.e., less than 500 feet), the calibration data are esti-

mated to provide sensor spacing to within 0.1 inch of the actual spacing.

It should be emphasized that if the cable has splices or solder joints the

calibration data, with respect to the initial sensor spacing determination,

will be calculated to be greater than the actual spacing.

If all possible errors occur during a test (simultaneous compression and

tilting, a 1-inch coaxial offset, long cable length, and poor quality cables),

an error of up to 100 percent may occur. If measurements are periodically

made to remove the tilting and misalignment effects, the data can be accurate

to within 10 percent.

The embeddable tensile strain gages were calibrated at the factory and

the calibration data are printed on the shipping box. Equations are pro-

vided in the user's manual (Appendix A) to determine the necessary informa-

tion for recording the data. The tensile strain gages are unaffected by

temperature and are accurate to within less than 1 percent, if the gage is

adequately bonded to surrounding material.
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SECTION III

CONCLUSIONS

Instrumentation consisting of pressure and strain measurement devices,

and associated equipment for recording static and dynamic data have been pro-

vided to AFESC/RDCR for verification of the BDR computer code. The pressure

measurement devices were used successfully at the North Field Demonstration

Test, North Field, South Carolina, during August 1980 to record data in a

repaired bomb crater trafficked by aircraft and a load cart. Appendix B con-

tains a report for review. All equipment and technical information have been

transferred to AFESC/RDCR, allowing additional data on repaired bomb craters

to be collected and correlated with predicted responses from the BDR code.

Based on interpretation of the results from the North Field test, the

soil pressure gages obtained for the project are adequate for static and

pseudostatic (i.e., less than 5 Hz frequency content) load applications.

These gages were selected because of their capability to average pressure con-
centrations over the large surface area of the gage. However, with controlled

placement techniques and procedures it is possible to utilize a different

type of pressure gage and eliminate the poor dynamic response characteristics

and associated problems. It is recommended that a diaphragm-type strain gage

be tested and evaluated for use in BDR applications.

The Bison strain measurement system is capable of providing adequate

results based on laboratory calibrations. Standard procedures for collecting

and analyzing data need to be developed concurrently with field testing and

system utilization. The recommended embeddable-type tensile strain gages
will provide accurate tensile strain data if the gages are adequately bound

with the surrounding material.

Not all of the recommended equipment is required for every test. The
test coordinator must assess the critical test parameters and select the

equipment providing the most applicable data to evaluate test performance.

These data can then be correlated for verification with the BDR code

predictions.
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SECTION I

SYSTEM OVERVIEW
1.1 INTRODUCTION

This manual is designed for use by AFESC technicians to implement and

maintain the instrumentation procured by NMERI under Contract No. F29601-76-

C-00l5, Subtask Statement 5.15, Instrumentation Plan for Bomb Damage Repair

Computer Code Verification. The scope of the subtask was to review and recom-

mend equipment that could be used to measure and record static and dynamic

responses of a repaired bomb crater due to aircraft, simulated aircraft (load

cart), and static loads. Measured responses were to be compared with calcu-

lated responses from the NMERI Bomb Damage Repair (BDR) computer code for

verification of the code. The instrumentation consists of stress and strain

measuring devices designed for use within the crater, as well as signal con-

ditioning and an analog tape recorder located in an area remote from the

crater. Data recorded on the analog tape can be reproduced and recorded on

a strip chart recorder for on-site evaluation or sent to a data reduction

facility for a more detailed analysis.

1.2 SYSTEM COMPONENTS

1 ea. Bell and Howell CPR 4010 Portable Instrumentation Recorder

1 ea. Datum Model 9300 Time Code Generator/Reader

1 ea. Datum Model 9241 Tape Search Unit with Cable

10 ea. B&F Model 1-700SG Signal Conditioners

10 ea. B&F Model 702A-lOD Differential Amplifiers

2 ea. B&F Model RW2229-7 Rack Mounts with Mating MS Connectors.

3 ea. Bison Model 4101A Soil Strain Gage Instruments

10 ea. Bison 4-inch Sensors

10 ea. Bison 2-inch Sensors

A-3
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SECTION II

OPERATIONS

2.1 GAGE INSTALLATION

2.1.1 Terra Tek and Geokon pressure gage installation--Both the Terra

Tek and Geokon gages are bladder-type pressure gages that measure in situ soil

pressure by measuring the changes in the fluid pressure within the bladder.

The Terra Tek gages are approximately 12 inches by 12 inches and 0.125-inch

thick. The Geokon gages are approximately 9 inches in diameter and 0.5-inch

thick.

The gages should be located on approximately 1.5 inches of a sandy-silt

(or finer) noncohesive material in the test area. Press the gage firmly into

the sandy silt to ensure that the gage is seated. The cables should be pro-

tected as well as possible to prevent damage and there should be a minimal

length of cable in the repair area. Avoid abrupt changes in direction of the

cable. After the gages are located, place another 1.5 inches of the sandy-

silt material on top of the gages. Backfill the test area by hand to approx-

imately 1 foot above the gages to reduce any possibility of damage to the

gages and cables. In selecting the gage locations, no two gages-should be

placed closer than 2 feet horizontally or 4 feet vertically to minimize the

effects of the sandy-silt material on the stress-strain field developed in the

backfill material.

2.1.2 Bison soil strain gage installation--The Bison Instruments' soil

strain gages are inductance-type gages consisting of two sensors. One sensor

is connected to a transmitting circuit of the instrument and creates an

electromagnetic field in the immediate vicinity of the gage. The second sen-

sor acts as a receiver for the instrument that produces a voltage proportional
to the distance from the transmitter.

Because of difficulties related to placing the sensors at a predetermined

spacing, it is recommended that the sensors be placed at an approximate dis-

tance and then determine gage separation using the calibration data for that

sensor pair and instrument.

A-4
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The sensors are sensitive to coaxial offset (Figure A-la) as well as to

angular rotational effects (Figure A-lb). Therefore, care must be taken to

ensure that the sensors are parallel and centered. Both sensors must face the

same direction along their common axis or the Bison instrument will not null.

One installation method requires a hand level and plumb bob, using the

plumb bob and two established bench marks to center the sensors and the level

to ensure their horizontal orientation. After preparing a flat surface area

at the desired depth, use the plumb bob, bench marks, and level to firmly seat

the lower sensor (the receiver) in the soil. Backfill and compact by hand

to avoid possible damage to and movement of the sensor. Add sufficient mate-

rial to equal the approximate sensor spacing and place the top sensor (the

transmitter) using the same method as for the lower sensor. Phase and ampli-

tude are then nulled and the separation of the sensors can be obtained from

the calibration data using the AMPLITUDE and RANGE dial readings.

I I I

4

a. Coaxial offset b. Angular rotation

Figure A-l. Geometric Sensitivity.
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Another procedure for installation utilizes a wooden dowel rod inserted

through the center of the sensor pair to ensure that the sensors are coaxially
aligned during placement.

The first sensor should be placed at the desired depth, as close to hori-

zontal as possible, using a hand or bull's-eye level. A wooden dowel rod is

inserted through the center of the sensor and is marked at its surface. The

desired sensor spacing or gage length is measured from this mark at the top of

* the sensor and marked on the dowel. This second mark will determine the posi-

tion of the second sensor when the dowel is located even with its upper sur-

face. Backfill and compact the material around the first sensor, with the

dowel in place normal to the sensor surface, using care not to disturb or

displace it.

Slip the second sensor over the dowel and check for proper gage length.

Proper gage length is reached when the second mark for the sensor spacing is

located even with the top of the second sensor. Ensure that the second sensor

is seated firmly in the soil and is level. Carefully remove the dowel,

recheck for horizontal orientation, and complete the backfill using care not

to displace the sensor. During this procedure, bench marks should be used and

recorded to locate the gage within the repair area as an aid in recovery and

data reduction.

Any cable attached to a gage should be protected from traffic and strains

created by the test conditions. These conditions can cause cable breakage or

movement of the gage resulting in lost or erroneous data. Within the repair

area flexible plastic hose or pipe can be used to relieve strain and possible

~ j movement of the gage. Loops of cable placed within the hose or pipe will help

guard against cable breaks. Cable trenches that are inclined to just below

the surface protect cables from pedestrian and vehicle traffic. Cables should

never be bent, bound, loaded, or twisted in such a manner that a cable break

or excessive strain may occur when external forces are applied to the system.

2.1.3 Embeddable strain gage installation--The embeddable strain gages

are used to determine tensile strains in materials that can readily bond to

the strain gage. The gages may be placed in materials such as concrete,
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asphalt, or epoxy as long as the gage is capable of deforming with the mate-

rial. Bonding can be increased by cutting small notches in the side of the
gage. Locations and placement techniques of the gages will vary depending on

the test plan, number of gages, and type of measurement. Gage locations will
be selected by the test coordinator or director. For materials capable of

tensile stress and strain, gages may be located near the point at which the

tensile strength of the material may be exceeded.

However, in selecting a placement technique consideration must be given

to the stress and strain produced in the material due to the testing condi-

tions. No materials used in the placement of the gage should cause changes

in the behavior of the material being tested. For example, do not use rein-

forcing steel bars (rebar) to support the gage in an unreinforced concrete

material. This would cause stress concentrations to develop at the interface

between the concrete and rebar and may result in recording inaccurate data.

One technique uses a high-strength nylon string or very thin wire to sup-

port the gage between two wooden dowel rods that would position the gage
approximately in the desired location. This technique utilizes dowels that

have strength properties much less than those of the concrete being tested.
By supporting the gage on a string, the stress/strain field is disturbed

insignificantly; this technique also allows the dowels to be located at some

distance from the gage.

Other techniques may be used, but the above factors should be considered

before adopting any particular procedure.

2.2 SIGNAL CONDITIONING AND RECORDING

2.2.1 Interconnections and front panel controls--Connect the transducers

and bridge completion resistors to the terminal strips located on the rear

door of the equipment rack. The terminal strips are connected by cables to
the inputs of the signal conditioners through the RW2229-7 rack adaptor. The

inputs of the rack adaptor are A95-type connectors (MS 2102A-20-27S) labeled

J-2211 through J-2220. These connectors contain all excitation, calibration,

and signal connections needed for the transducers.

A-7
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2.2.2 Front panel controls for 1-700SG signal conditioners--

BALANCE CONTROL--The balance control is used in conjunction with the

limit resistor to balance the residual offset of the transducer.

SPAN CONTROL--The span control adjusts the individual power supplies

used for excitation to the transducer. In the constant-voltage mode, a clock-

wise rotation results in an excitation voltage increase.

OUT MONITOR--The output monitor pushbutton connects the conditioner

output to the monitor buss (connector J-2221, MS 1002A-16-15).

CAL SWITCH--The cal switch allows a shunt resistor to be switched

across an arm of the bridge for an output calibration level.

The outputs of the signal conditioners via the rack adaptor are cabled

from connectors J-2201 through 2210 (MS-3102E-IOSL) to the inputs of the dif-

ferential amplifiers through their rack adaptor and connectors J-2211 through

2220 (MS-3102A-20-27S).

2.2.3 Front panel controls for 702A-lOD differential amplifiers--

GAIN CONTROL--Fixed gains of 1, 3,10, 30, 100, 300, or 1000 can be

selected on the rotary switch when the vernier is not in use.

ZERO CONTROL--This pushbutton, when depressed, shorts both inputs of

the differential amplifier to common, which allows the operator to zero the

internal offset of the amplifier. When released, both inputs are connected to

their respective input terminals.

ZERO ADJUST CONTROL--This control provides for the external adjust-

ment of the amplifier's offset.

VERNIER ON-OFF CONTROL--When in the ON position, this control per-

mits the operator to select a discrete gain rather than a fixed gain setting.

VERNIER ADJUST CONTROL--When the vernier control is in the ON posi-

tion, it allows the gain to be adjusted from 1 to 3.5 times that shown on the

fixed gain control.
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The outputs from the amplifiers are taken from connectors J-2201 through

J-2210 of the rack adaptor and cabled with RG58 BNC to the record inputs of

the tape machine and to the patch panel. The outputs of the time code genera-
tor (J2) and the Bison instruments are also cabled to the record inputs of the
tape machine. The reproduce output of the tape machine for the time code is

cabled to the time code reader (Jl) for time readout in the playback mode.

Other devices such as oscillographs, oscilloscopes, and strip chart recorders

may be connected to the reproduce outputs.

2.2.4 Electronics operations--The following is a brief functional des-

cription of each major component of the system.

Signal conditioning--Signal conditioning becomes necessary when a

transducer is not capable of producing a satisfactory output without the aid

of external components such as power supplies and calibration devices. The
B&F Model 1-700 signal conditioner combines a power supply, a balance control,

and shunt calibration relays for transducers used in a bridge configuration.

The unit contains a removable printed circuit (PC) board front panel
called a mode card. This card permits ready access to the calibration, bal-

ance, and completion networks. (Bridge completion can be made on this card,

but is not recommended because of its relative complexity.) The balance con-

trol allows the initial residual imbalance of the bridge to be balanced, pro-
ducing a zero output. Some full bridge transducers are prebalanced by the

manufacturer with no external balance required. In this case, the balance
limit resistor should be removed, disabling the balance control network and

eliminating the desensitization error. The balance circuit is connected to a
corner of the bridge and thus shunts two of its arms, inducing desensitization

error. To reduce this error, use a balance limit resistor at least 50 times
larger than the transducer resistance. The high value limit resistor will

have a lesser shunting effect on the two arms of the bridge across which it is

wired and will lessen the desensitization error.
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Calibration of the bridge is achieved by placing a calibration

resistor on the mode card, which is shunted by relay across an arm of the

bridge. The resulting resistive imbalance causes a voltage to appear at the

output terminals, simulating a known strain or pressure level. Refer to Sec-

tion 3.1 of this manual for calculation of the calibration resistors.

The outputs of the signal conditioners are normally connected to

differential amplifiers, as the bridge outputs are not of sufficient amplitude

or current to drive a magnetic tape recorder or other recording devices.

Differential amplifier--The Model 702A-IOD solid state differential

amplifier consists of a preamplifier, a common mode attenuator, and a post-

amplifier. The input range is ±10 mV to ±10 V full scale with a full-scale

output of ±10 V at 100 mA. It can be operated in either differential- or

single-ended input configurations, and is a wideband d.c. amplifier with gains

ranging from 1 to 3500 having a high common mode noise rejection ratio. Con-

nected to the signal conditioner, it provides sufficient drive for most

recording equipment.

Magnetic tape recording--Analog tape recordings are convenient and

durable for data storage. Recorded data can be reproduced many times before

any noticeable degradation of the signals occurs.

Frequency modulation (FM) recording should be used whenever possible,

because direct recording will not reproduce low frequency data and has a lower

signal-to-noise ratio. Inputs to the tape recorder should be of sufficient

amplitude to evenly distribute the data over the range of the FM recording

electronics.

The Bell & Howell CPR-4010 FM recording electronics have a deviation

range of ±40 percent of their center frequency. The record center frequency

is automatically selected when tape speed is selected by the knob on the front

panel. This center frequency also limits the bandwidth of the input data.

For example, a tape speed of 7.5 in/s has a center frequency of 27 kHz and a

maximum intelligence frequency bandwidth of 5 kHz, which is the IRIG wideband

standard for Group 1 ±40 percent.
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Deviation levels of the FM recording electronics are normally set

according to the predicted levels or the shunt calibration levels. If the

predicted levels are too low and the tape machine is set for maximum deviation

according to that prediction, the data ranging over the prediction will be

lost. The gain of the B&F amplifier set to give 20 percent FM deviation or

50 percent of bandedge for the calibration step gives a 50-percent safety

margin and also provides sufficient resolution when reproduced. For wide-

ranging signals, it may be desirable to double record a signal with two dif-

ferent deviations by paralleling two record inputs. By setting one calibra-

tion for a low deviation (30 to 40 percent) and the other for a high deviation

(60 to 80 percent), one of the channels will provide resolution over the

entire range.

Reproducing the signals through the FM demodulator located in the

machine filters the data at the maximum intelligence frequency bandwidth. For

the Bell & Howell CPR-4010, only two speeds of reproduce electronics are sup-

plied (7.5 and 0.9 in/s). The data may be recorded at any of the selectable

speeds, but must be reproduced at either 7.5 or 0.9 in/s. Reproduction of data

at a speed other than the record speed will change the time base of the data.

Time code generator/translator--To accurately locate data recorded

on tape, a time code is recorded along with the data. The time codes gener-

ated by the Datum Model 9300A IRIG generator are amplitude modulated carrier

frequencies that can be read manually or automatically with accuracies of less

than 1 ms for IRIG B and 0.1 ms for IRIG A. Care should be taken when

selecting the type of IRIG code to be recorded, as their respective carrier

frequencies are 1 kHz and 10 kHz, which may exceed the record's bandwidth.

Slow code outputs are available for reproducing a tape at a speed

higher than originally recorded for easy manual readout. Codes of 1/1, 1/5,
1/10, 1/60, and one code for every 10 minutes are selectable on the front

panel.

The translator, when connected to the Datum Model 9241 tape search

unit, provides relay closures for the automatic calibration of the B&F signal

conditioners or as NORMALLY OPEN or CLOSED closures for remote operations.

The guide for the Datum tape search control unit (Attachment 2) details other

functions and relay specifications.
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III. DATA COLLECTION AND REDUCTION CONSIDERATIONS

3.1 SHUNT AND BISON CALIBRATIONS

To eliminate the error associated with the calibration of each component

of the system, the gage calibration which represents a known strain or pres-

sure level must be recorded prior to each test.

Using this approach, the absolute value of the output of any component

has little or no meaning and only the ratio of the calibration signal to the

data can be used to convert the data into useful information.

3.1.1 Shunt calibration--For resistive-type gages, an external resis-

tance is paralleled across the gage or in a bridge configuration across one of

its arms to produce a voltage output equal to a known strain or pressure. The

resistor is called a shunt resistor, because it shunts the gage to create an

alternate current path; this causes a different voltage output from the gage.

Since the shunt resistor is connected to the gage only during calibration, it

has no effect on gage output during actual testing. (The guide for the B&F

signal conditioner [Attachment 2] contains an introduction to strain gage

conditioning, detailing effects of wiring on calibrations.)

Shunt resistors should be selected to reasonably equal the peak predicted

levels. The value of the shunt resistor can be experimentally determined by

trial and error or calculated from the equations below.

R 2RG (A-l)

RG x 106 (A-3)
NKLRcal + RG]
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where

= strain in microinches per inch

N = number of active arms

K = gage factor

RG = resistance of the strain gage or transducer element in ohms

Rcal = resistance of the shunt calibration resistor in ohms

Eo = transducer full-scale output in millivolts per volt

P = percentage of full scale expressed as a decimal

Since the calculated resistance is normally not readily available as cal-

culated from Equations A-1 or A-2, use this resistance to choose a close sub-

stitute. This substitute resistance can then be used in Equation A-3 to

determine the output level of the calibration.

3.1.2 Bison calibrations--Since the Bison calibrations (Attachment 3)

are for maximum linear output, the peak predicted levels of strain should be

chosen to equal approximately one-half of the full-scale or calibration out-

put. The calibration output from the Bison device is a positive voltage

indicating tension. Normal signal output will be a positive voltage for ten-

sion and a negative voltage for compression. Dynamic measurements for small

strains can be assumed to be linear, but for large strains the output may

become nonlinear.

3.2 METHODS FOR MAKING HARD COPY RECORDS

To review and reduce the data stored on tape, a hard copy is usually

needed. Hard copy records are graphs, plots, or photographs that show rela-

tive amplitude versus time of a signal and contain the calibration in some

form for scaling purposes.

A photograph of an oscilloscope display provides a relatively quick

method for acquiring a hard copy, but the resolution of both axes is somewhat

compressed and limited. Calibration of the oscilloscope is also a problem,

because the trace must be calibrated according to the calibration step for

that signal. Although this method has its drawbacks it is nearly the only

method that can be used to capture high-frequency data in the field.

A-13
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Multichannel quick-look recorders such as pen and ink, heated stylus, or

oscillograph-type recorders will produce a permanent record and normally will

provide sufficient resolution for field work. The pen and ink and heated

stylus recorders have relatively low frequency responses (on the order of hun-

dreds of hertz). The output is normally of higher quality than that of the

oscillograph and is a permanent record. The oscillograph has a higher fre-

quency response (on the order of thousands of hertz), but the record's light

sensitive paper will fade when exposed to room light over a period of time.

There are methods for developing the record with chemicals to make it perma-

nent, but these methods would be impractical for field use.

High speed analog-to-digital conversion is a method used in data reduc-

tion facilities. When the data tape is sent to a data reduction facility, an

analog-to-digital conversion can be made. Once in digital form, the data can

be scaled and plotted by computer.

3.3 MATERIAL AND ALIGNMENT EFFECTS ON CALIBRATION DATA

The separation of the sensors is detected by means of electromagnetic

coupling; therefore, anything that interferes with this coupling will change

the output of the Bison device.

In media containing high ferrous metal concentrations, a special calibra-

tion may be required by placing the sensors in samples of the material. To

determine the need for such a calibration, place a sample between the sensors

and note the change in readings of the amplitude dial when the instrument is

nulled. Metal objects in motion present a different problem, because they

will affect the output of the Bison device during a dynamic test without sig-

nificantly disturbing the static results. To minimize these effects, the

transmitter of the sensor pair should be placed nearer to the metal than the

receiver with a separation of at least five sensor diameters.

Initial sensor spacing is determined normally by nulling the Bison

Instruments Model 4101A in the appropriate range and then using the amplitude

dial setting and calibration data to determine the approximate spacing. By

using this method, however, errors are introduced due to placement techniques

and cable lengths.
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Coaxial offset and angular rotation of the sensors during placement will

cause an error in determining spacing. For an angular rotation of less than

15 deg, the error is less than 0.2 inch. Rotation causes the actual gage

spacing to appear shorter. Coaxial offset error is dependent on gage spacing

with its effects lessening as gage spacing increases. For a gage length of

1.5 sensor diameters and an offset of 1 inch coaxially, an error of approxi-

mately 0.5 inch will occur. At 2.5 sensor diameters the error is reduced to

0.1 inch.

Differences in cable length will cause the device to register a longer or

shorter gage length than actually exists. For 1000 feet of cable, the gage

length appears to be 0.3 inches longer than it would be for a 6-foot cable.

This error, however, is not a linear relationship and therefore is harder to

evaluate. For this reason, it is recommended that the sensors be calibrated

with the type and length of cable to be used in the field test. (Note that

the calibration data supplied in this manual were performed with 6-foot

cables.)
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ATTACHM~ENT 1
SYSTEM CHECKOUT

The following procedure should be followed for initial system checkout as
well as for a routine check before each test. Refer to the individual guides

(Attachment 2) for more complete checkout procedures and troubleshooting

guides. The system is illustrated in Figure A-2.

1. Connect the equipment rack to a standard three-prong 110-V a.c.,

60-Hz power outlet using the power cable attached to the rack.

Note: A 30-minute warm-up period is recommended to allow the electronics to

stabilize before setup.

2. Apply power to the rack by engaging the circuit breaker located in

the rear of the rack. Turn on pieces of equipment with individual power

switches. The blower and the two racks of B&F equipment are hard-wired to the

circuit breaker and are powered when the breaker is engaged.

3. Connect a dummy gage (a resistive substitution for the actual gage)

to the terminal strips located on the rear door of the rack. For checkout

during a field test, the actual gages would be connected to their respective

signal conditioners and amplifiers through these terminal strips.

4. Check the output of each signal conditioner and amplifier for proper

excitation voltage, balance, and calibration using a digital voltmeter and an

oscilloscope.

Note: A new or degaussed tape must be used during any recording process.

Erase capabilities are not provided by the tape machine. Recording on a pre-

viously recorded tape destroys the original recording, as well as adding a

noticeable amount of error to the data on the second recording.

5. Using the procedure in the guide for the Bell and Howell tape machine

L (Attachment 2), set the center frequencies and devidions for each channel to
be used on the tape machine (FM recording).

6. Make the necessary connections between the gage, signal conditioners,

K amplifiers, time code generator, and tape machine.
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7. Start the tape machine, place it in the record mode, and monitor the

outputs of the B&F amplifier and recorder for each channel used. There will

be a time lag between the outputs of the amplifier and recorder. This does

not affect the recorded data; it is due to the record-to-reproduce head

spacing and depends on tape speed (i.e., the slower the tape speed, the far-

ther the recorder output lags behind the input). Calibrate each channel to

ensure that the signals are being recorded and reproduced at the proper levels.

8. Set the Datum IRIG generator according to the guide (Attachment 2)

for the time and date desired and monitor its input to the tape machine. The

deviation of this channel should be set in the range of 75 to 100 percent of

bandedge, but not high enough to clip or otherwise distort the waveforms.

Record 2 to 3 minutes of timing while monitoring the output. Rewind the tape

and play it back to the time code reader; verify that it is operating

correctly.

9. Automatic calibration for the B&F conditioners is achieved by using

the Datum tape search unit. Connect a BNC cable from the relay output to the

battery output located on the patch panel. Enter the start and stop times on

the thumbwheel switches located on the tape search unit and press SEARCH/START

and FWD controls to enable the sequence to begin. When the IRIG generator

reaches the start time, the interval light on the tape search unit will light

up and the relay will close, calibrating all conditioners at once. When the
stop time is reached, the interval light will extinguish and the relay will

open, indicating the end of the calibration sequence.

1O. Attach cables from the output of the Bison Instruments Model 4101A

directly to the record inputs of the tape machine. To select the sensitivity
required on the Bison instrument, set the calibration signal dial to a setting

that will give approximately twice the predicted strain level. Then adjust
the sensitivity control to give full-scale output while in the calibrate mode.

For example, a 4-inch sensor pair spacing is 8 inches and the predicted strain

is 8,000 microstrain. The calibration tables show that while 100-percent or

full-scale deflection equals 37,000 microstrain, the data were taken at stan-

dard sensitivity, or a calibration setting of 500, would give 18,500 micro-

strain at full-scale deflection (roughly twice the expected value).

11. Set the tape machine deviation for the channels to be used with the

Bison equipment to equal 90 percent of bandedge for the calibration level.

Repeat Step 7 for these channels.
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ATTACHMENT 2
TROUBLESHOOTING AND MAINTENANCE GUIDE

Listed below are the individual troubleshooting and maintenance guides

for the system components. These guides are written and produced by the manu-

facturers and are included with the equipment. The specific sections, pages,

and tables included in the listing indicate areas of special attention that

are referred to in the preceding text.

. Datum Time Code Generator/Translator Model 9300A

Section VI pages 1-3, Section VII pages 1-26.

- Datum Tape Search Control Unit Model 9241

Sectior, V pages 1-2, Section VIII pages 1-20.

- B&F Signal Conditioners Model 1-700

Section 6 pages 22-24, Section 8.

. B&F Differential Amplifier Model 702A-IOD

Sections 6 and 8.

- B&F Power Supply Model 15-200K

Section 4 pages 33-39, Section 5.

. B&F Rack Adaptor Model RW2229

Sections 4 and 5.

. Bell and Howell Tape Machine Model 4010

System: Table 5-37

Tape Transport: Table 5-34

FM Record Amplifier: Table 5-15

FM Reproduce Amplifier: Table 5-14

Voice Log: Table 5-5

- Krohn Hite Variable Electronic Filter 3320 Model #23

Section 4 pages 18-22.

To find the actual Bison sensor spacing and standard sensitivity full-

scale microstrain from the tables in Attachment 3, use the following

equations.

A-I 9



------- --- *>' -

1. To find the actual sensor spacing for a given measured amplitude dial

and null setting, use

AS = LD + (AA - LA)ID

AE = LE + (AA - LA)IE

where

AA = actual measured amplitude dial reading

LA = next lower amplitude dial reading listed on the table

LD = sensor spacing from the table for LA

ID = inches/dial reading from the table for LA

LE = full-scale microstrain from the table for LA

IE = microstrain/dial reading from the table for LA

AS = corrected sensor spacing in inches

AE = corrected microstrain full-scale standard sensitivity

2. To find the calibration signal dial setting for a given predicted

microstrain and to set full-scale microstrain equal to twice that of the

predicted level, use

2000(EP)
CAL = AE

where

AE = corrected microstrain full-scale standard sensitivity

EP = predicted microstrain

CAL = calibration setting required to produce the predicted level

for the given range and spacing

Select a setting close to the CAL that is a whole number. Then recalculate

the calibration microstrain value that the calibration step will represent.

AE(CDS)
Acal =200

where

Acal = actual calibration value in microstrain, when the CAL dial is set
to the selected value

CDS = selected CAL dial setting

AE = corrected microstrain full-scale standard sensitivity
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ATTACHMENT 3

BISON CALIBRATION TABLES
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLf.S

*** ** ** ******* ****** *** ******* *** ** **

INSTRUMENT NUMBER* 2*SENSOR DIAMETEFR*2*INCHES
SENSOR F'AIR NUMBER* 1**RANGE* 2*

AMF L I TUDE SENSOR I NCHES/D I AL MI CROSTRAl N Ml COSTRA T Ni 11T AL.
DIAL SPACING READING RI:nEAD : NG

365.0 3.702 .002 30805. 47.
370.0 3.712 .002 31039. 47.
375.0 3.721. .002 31273. 47.
380.0 3.730 .002 31507. 47.
385.0 3.740 .002 31741. 47,
390.0 3.749 .002 31975. 47.
395.0 3.758 .002 32209. 47.
400.0 3.767 .002 32443. 47.
405.0 3.777 .002 32677. 47.
410.0 3.786 .002 32910. 47.
415.0 3.795 .002 33144. 47.
420*0 3.805 .002 33378. 47.
425.0 3.814 .002 3361.2. 47.
430.0 3.823 .001 33846. 34.

435,0 3.827 .002 34015. 34.
440.0 3,836 .002 34:185. 34.
445*0 34846 .002 34356. 34.
450.0 3 . 856 .002 34528. 35.
455.0 3.866 .002 34701. 35.
460.0 3.876 .002 34874. 35.
465.0 3.886 .002 35049. 35.
470.0 3.896 .002 35224. 36.
475.0 3.906 .002 35405. 59.
480.0 3.916 .002 35701. 59.
485.0 3.92.6 .000 35996, 36.
49040 3.927 .002 36:1.76 36.
495.0 3.938 .002 36357 . 36.
500.*0 3.949 .002 36539. 37.

505.0 3.959 .002 36722. 52.
510 .0 3.970 .002 36983+ 63.

515*0 3.98'1. .002 37300. 63.
520.0 3.992 .002 37616. 63.

L 525.0 4.003 .002 37933. 38.
530.0 4.014 .002 38123. 38.
535.0 4,024 .000 3831.3. 38.
540.0 4.025 .002 38,505. 39.
545.0 4.037 .002 38698. 47,
550.0 4.048 .002 38934. 77.
555.0 4,060 .002 39318. 77.
5 560.0 4.072 .002 39701. 77.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

,* *** *** ** ** ****** ******* **** ******** *** '

INSTRUMENT NJMB-R* 2*SENSOR DIAMETER*2*INCHlS
1SENSOR PAIR NUMBER* 1**RANGIE* 2*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MICROSTRAIN/DIAL
DIAL SPACING RIEADING RE:.AD I1. N(3

565.0 4.084 .002 40084. 77.
570.0 4.096 .002 40468. 77.

575.0 4.107 002 40851, 77,
580.0 4*1.19 .002 41234. 77.
585.0 4.131 .002 41618. 770
590.0 4.140 .002 42001. 77.
595.0 4.152 .002 42384, 69.
600.0 4,165 4002 42731, 83.

605.0 4.177 .002 43148. 83.
6:10 0 .4,190 t002 43566. 83

615.0 4.202 .002 4398:3. 33.
620.0 4.215 ,002 44400. 83.

625.0 4,227 .001 44817. 45.
630.0 4,231 .003 45042. 45.
635.0 4.245 .003 45267. 45.
640.0 4,258 .003 45.493. 65.
645.0 4.272 .003 45818., 94.
650.0 4.285 .003 46287. 94.
655. -0 4.299 *003 46757. 47.

660.0 4.313 .003 46991. 65.

665.0 4.326 .001 47314. 99.

670.0 4.332 .003 47808. 99.
675.0 4.347 .003 48301. 99.

680.0 4.362 .003 48794. 99.

, 685.0 4,376 .003 49287. 99.

690.0 4.391 .003 49781. 99.
695.0 4,406 .003 50274 99,
700.0 4.420 .001. 5)767. 99
705.0 4.425 .003 5:1. 2",6 0 . 99.

710.0 4*441 .003 5:1.753. 20t5

715.0 4.457 .003 52777, 95.
720.0 4*473 .003 ,3,251 t 95*
725. 0 4 , 489 .003 53725. 95.

!730 ,0 4 .5 05 0003 54199+ 915.

735.0 4 ' 003
73* 4.521 • 002 546"73.• 95.

!740,0 4.531 .003 551L48. 116.
S!745.0 4. 548 .003 55725 94o

750.0 4.565 .003 ,56:193. 944

755.0 4.582 .003 56661. 94.

760.0 4.599 .003 57128. 94-
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABI.ES

INSTRUMENT NUMBER* 2*SENSOR DIAMETER*2*INCH S
SENSOR PAIR NUMBER* 1**RANGE* 2*

AMPL ITUDE SENSOR INCHES/DIA. MI CROSTRAIN M I Cr OSTRA I N/Tl I AL
DIAL SPACING READING READ : 1Nt

765.0 4.616 .003 57596. 58.
770.0 4.633 .004 57884. 58.
775.0 4.651 .004 58173. 83.
780.0 4.669 *004 5658. 114.
785.0 4.687 ,004 59158. 114.
790.0 4.704 .004 59728. 114.
795.0 4*722 .001 60298. 114.
800.0 4.730 .004 60667. 93,
805.0 4.749 .004 61332. 122.
810.0 4,769 .004 61939+ 1[22.
815.0 4.789 .004 62547. 122#
8200 4.808 .004 63154. 1.22
825.0 4.828 .003 63762 "1.22.
830.0 4.845 .004 64370. 109,
835.0 4.866 .004 6491.2. 125.
340.0 4,886 .004 65539, 125,
845.0 4,907 .004 66166. 66.
850.0 4,928 .003 66497. 13.1..
855.0 4.945 .004 67153. 139.
860.0 4.967 .004 67847. :1.39,
865.0 4.989 .004 68541. 139.
870.0 5,012 .004 69234. 139.
875.0 5,034 4004 69928 139.
880.0 5.056 .005 70622. 150.
"85.0 5.080 .005 71370. 157.
890.0 5.103 .005 72155. 157.
895.0 5.127 .004 72940. 73.
900,0 5. 1.45 *005 73305* 162.

905.0 5 .1.70 .005 74:1.1. 162.
9:10.0 5.196 .005 74926. :1.62.
915.0 5.222 .005 75738 200.
920.0 5.247 .005 76737. 159.
925.0 5.273 .005 77533. 159,
930.0 5.299 .005 78329. 1.59.
935.0 5,325 .007 79125. 287.
940,0 5.361 .005 80558. 133.
945.0 5.386 .005 61222. 1.33.
950.0 5.411 .005 81886 133.
955.0 5.436 .009 82550. 133.
960.0 5.482 4003 13214. 179.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 2*SENSOR DIAMETER*2*INCHES

SENSOR PAIR NUMBER* 1**RANGE* 2*

AMPLITUDE SENSOR INCHES/DIAL MICROSTPAIN MICROSTRAIN/DIAL
DIAL SPACING READING READING

965.0 5.499 .003 84108, 84.

970.0 5.517 .003 84529. 85.

975.0 5,534 * 84951, 85.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 2*SENSOR DIAMETER*2*INCHI1.S
SENSOR PAIR NLJMBER* l**RANGE* 3*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN R1icROSTRAIN/DIAL.
DIAL SPACING READING RE1: A TII N6
40.0 4.810 .001 63069* 63.
45.0 4.817 .001 63384, 63,
50*0 4.825 .001 63701. 64,
55.0 4.832 .001 64019. 64.
60.0 4.840 .001 64340. 64.
65.0 4.847 .001 64661. 65.
70.0 4.854 .001 64985. 65.
75.0 4.862 .001 65309. 65.
80*0 4.869 .001. 65636. 66.
85.0 4.877 .001. 65964, 66.
90.0 4,884 .001 66294. 66.
95.0 4,892 .001. 66625. 67
100.0 4*899 .001 66959. 67
105.0 4.907 .001 67293. 67.
110.0 4.914 .00:1. 67630. 68,
115.0 4.922 .000 67968. 68
120.0 4.924 .002 68308. 68.
125.0 4.931 .002 68649. 69.
130.0 4.939 .002 68992. 69.
135.0 4.947 .002 69337. 69.
140.0 4*955 .002 69684. 70.
145.0 4,963 .002 70032. 70.
150.0 4.971 .002 70382. 70.
155.0 4.979 .002 70734. 71.
160.0 4.986 .002 71088. 71.

165.0 4*994 .002 71443. 71.
170.0 5,002 .002. 71801. 72.
175.0 5.010 .002 72160. 72.
180.0 5. 018 .002 72520. 73.

185.0 5.026 .000 72883. 73.
190.0 5.028 .002 73247. 73.
195.0 5.036 .002 73613. 74.
200.0 5.045 .002 73981. 74.
205.0 5.053 .002 7435:1. 74.

210.0 5.061 .002 74723. 75.

215.0 5)". 070 .002 75097. 75.

220.0 5.078 .002 75472. 75.

225.0 5.086 .002 75849. 76.
230.0 5.095 .002 76229. 76.
235.0 5.103 .002 76610. 77.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 2*SENSOR DIAMETER*2*INCIE:S
SENSOR PAIR NUMBER* I**RANGE* 3*

AMPLITUDE SENSOR INCHES/DIAL MICROST RAI N M ICROSTFR A IN/DIAL
DIAL SPACING RIEADING FE A I: N G

240.0 5.112 .002 76993. 77.
245.0 5.1.20 .002 77378. 77.
250.0 5.128 .001 77765. 7B.
255.0 5.131 .002 78153. 78.
260.0 5o140 .002 78544. 79.
265.0 5.149 .002 78937. 79.
270.0 5.158 .002 79331. 79.
275.0 5.167 .002 79728. 80.
280.0 5.176 .002 80127. 80.
285.0 5.184 .002 80527. 81.
290.0 5.193 .002 80930. 81.
295.0 5.202 .002 81335. 81.
300*0 5,211 .002 81741. 82.

305,0 5.220 **** 82150. 82.
310.0 5.217 .002 82561. 83.
315.0 5,227 .002 82973. 83.
320.0 5.236 .002 83388. 83.
325.0 5.246 .002 83805. 84.
330.0 5.256 .002 84224 . 84.
335.0 5.265 .002 84645. 85 .
340.0 5.275 .002 85068. 85.
345*0 5.285 .002 85494. 85.
350.0 5.294 .002 85921. 86.
355.0 5.304 .002 86351. 86.
360.0 5.314 .002 86782. 87.
' 365.0 5o323 .001 8721.6. 87.
370.0 5.327 .002 87652 * 88.

375.0 5.337 .002 88091. 8(3l
380.0 5.347 *002 88531. 89.
385.0 5. 358 .002 .38974. 89.
390.0 5.368 .002 89418. 89.
395.0 5.378 .002. 89865. 90.
400.0 5.388 .002 90315. 90.
405.0 5.399 .002 90766, 91.
410*0 5.409 .002 91.220.. 91.
415*0 5.41.9 .002 91.676, 92.
420.0 5.429 .001 92135. 92.
425.0 5.436 .002 92595. 93.

, 430.0 5.447 .002 93058. 93.
435.0 5.458 .002 93523. 94o

A
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABIHIS

INSTRUMENT NUMBER* 2*SENSOR DIAMETER*2*INCHES
P SENSOR PAIR NUMBER* 1**RANGIE* 3*

AMPLITUDE SENSOR INCHES/DI.AL MICROSTR AIN Mr CROSTFAT N/ElI AL
DIAL SPACING READING 1RE 1:D IN (3

440.0 5.469 .002 93991. 94.
445*0 5.480 .002 94461. 94.

450.0 5.491 .002 94933, 95.

455.0 5.501 .002 95408. 95.
460.0 5.512 .002 95885. 96.
465.0 5.523 .000 96364. 96.

470.0 5,524 .002 96846. 97.

475.0 5.536 .002 97330. 97,

480.0 5.548 .002 978:17. 98.

485.0 5.559 .002 98306. 98.

490.0 5.571 .002 98797, 99,

495.0 5.583 .002 99291. 99.

500.0 5.595 .00. 99788o :1.00.
i505.0 5.606 .002 100287. 100.

I 510.0 5.618 .002 100788. 101,
515.0 5.630 .002 1.01292. 101.
520.0 5.639 .002 101798. 102+

525.0 5.651 .002 102307. 102.

530.0 5.664 .002 102819. 10:3.

535.0 5.676 .002 103333. 103.

540.0 5.689 .002 1.03850. 104.

545.0 5,701 .002 :1.04369. 104.

550.0 5.713 .002 104891. 105.

555.0 5.726 .001 105415. 105.

560.0 5.729 .003 105942. 106,
565.0 5.743 .003 :1.06472. :1.06.

570.0 5.756 .003 :1.07004. 107.

575 .0 5.769 4003 :1.07539. 108.
580.0 5. 783 *003 :10077. :1. 08.
585 . 5.796 .003 :1.0861.7. :1.09.

590.0 5.809 .003 109160. 109.
595*0 5.823 .001 109706 11+0.
600.0 5.830 .003 1 :1. 0 2 5 4. 11 0 .

605.0 5.844 .003 110806. 111.

:610.0 5,858 .003 11:1360. :11. t.
615.0 5.872 .003 111916. 112.

620.0 5.887 .003 112476. 112.

625.0 5.901 .003 113038. 113.

630.0 5.915 .003 113604. 114.

635.0 5.929 .002 114172. 114.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION rAB.ES

INSTRUMENr NUMBER* 2*S-ENSOR D AMETER*2* LNCH.S
SENSOR PAIR NUMBER* :1**RAN(.i* 3*

AMFPLITUDE SENSOR INCHES/DIAL MI CROSTRA I N Ml CROSTF: :N/ I AL
DIAL SF'ACING READ]ENG RE AL' I N B

640.0 5.941 .003 :1.14742. 115.
645.0 5.956 .003 115316. 115.
650.0 5.971 .003 :1. 1.5893. 116.
655.0 5.986 .003 11.6472. 116.
660.0 6.000 .003 117054, 1.17.
665,0 6.015 .003 117640. .1. 118.
670.0 6.030 .003 11 8228. 1.
675.0 6.044 .003 1. :1. 88 19. 119.
680.0 6.060 .003 119413. 119.
685.0 6.075 .003 120010. :1.20.
690.0 6.091 .003 1206.10. :L21.
695.0 6.106 .003 121.213. 12:1.
700.0 6.122 .00:1. 12:1819. 155.
705.0 6.129 .003 122596. 1.62.
710.0 6o145 .003 123403. 1'23.
715.0 6.162 .003 124020. 124.
720.0 6.1.79 .003 124640. 125.
725.0 6.1.96 .003 1.25263. 125.
730.0 6.212 .003 :125890. 126.
735.0 6.229 .003 126519. 127.
740.0 6.244 .004 1.27:1.52. 127.
745.0 6.262 .004 127788. 128.
750.0 6.279 .004 128.426. 128.
755.0 6.297 .004 :129069. 129.
760.0 6.315 .004 129714. 130.
765,0 6.333 .003 130362. 130.
770+0 6.348 .004 :1.31014. 1.31.
775.0 6.367 .004 131669. 132.
780.0 6.386 +004 :1.32328. 132.
785.0 6.405 .004 :1.32989. 133.
790.0 6.424 .002 :1.33654. 134.
795.0 6.433 .004 134322. 134.
800.0 6.454 .004 134994. :1.35.
805.0 6,474 .004 :135669. 136.
810.0 6.495 .004 136347. 136.
815.0 6.516 .004 137029. 137.
820.0 6,537 .005 137714. 138.
825.0 6.560 .004 138403. 138.
830.0 6.582 .004 139095. :L39,
835.0 6.603 .004 139790. :1.40.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 2*1SENSOR DIAMETER*2*INCHE"
SENSOR PAIR NUMBE.R* 1**RANGE* 3*

AMPLITUDE SENSOR INCHES/DI AL. MICROSTFAIN M I CIROST',A I N/DI AIL
DIAL 33PACING READING R ADIN(3

840.0 6.625 .003 140489. 140.
845.0 6.639 .005 141191, 141
850.0 6.662 .005 141897. 142.
855.0 6.685 .005 142607. 1.43.
860.0 6.709 .005 143320. 1.43.
365.0 6,732 4005 :1.44036. 144.
870.0 6.758 .005 144756. 145.
875.0 6.782 .005 145480. 145.
880.0 6.807 .005 146208. 146.

885.0 6.831 .004 146939. :1.47.
890.0 6.@53 .005 147673. 148.
895.0 6.879 .005 148412 .  1. 4IS.
900.0 6.905 .005 149:1.54. 149,
905.0 6.932 .005 149899. .150.
910.0 6.956 .006 150649. 15:1.
915.0 6.984 .006 15.1402. 151.

920.0 7.012 .006 15 ,5 1 15 9 J. 52 2.
925.0 7.040 .007 1.529920. 1553.
930.0 7.077 .005 153684. 154 .
935.0 7.104 .005 154453. :154.

940.0 7.132 .007 1.55225. 15'

945.0 7*166 .005 156001. 156.

950.0 7.193 .005 156781. 157.

955.0 7.220 .005 1.57565. 1 8

960.0 7.246 .010 1583.53 158.
965.0 7.296 .003 :159:144. 159.
970.0 7.31.1 .003 159940. 238.*
975. 0 7.326 * 161132. 161+
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BISON STRAIN GAGE INSTRUMENT
CALIBRAION TABILES

INSTRUMENT NUMBER* "*SENSOR DIAMETIE*4*I NLH..
SENSOR F'AIR NUMBER* 1**RANGE* 1.*

AMFLITUDE SENSOR INCHES/DIAL M I C ROSTR1A IN MI CRCSTRA I N/ 1I AL
DIAL S P A C I N G R E- A tlI N G R F: A D: N G

550.0 4,497 4003 :1.2307. 13,
555.0 4.514 .003 12370. 13.
560.0 4.530 .003 12434. 1.3.
565.0 4.547 ,003 12497, 13,
570,0 4,563 ,003 12561.. 13.
575.0 4.580 .003 :1.2625. 13,
580,0 4.596 .003 12688. 1.3,
585.0 4.613 .005 12752. 13.
590,0 4.636 .003 1281.6. :1.3.
595.0 4.652 .003 12880. 13.
600,0 4.669 .003 :1.2944, 1.3.
605.0 4.686 .003 13009. 13,.
610.0 4,702 .003 13074, "1.3.
615.0 4.719 .004 13139. :1.3.
620.0 4.738 .003 13205. 1.3
625.0 4.755 .003 13271. 13.
630.0 4.772 .003 13337. 13;
635.0 4.790 .003 13404 , 1.3.
640.0 4,807 .001. 1347:1.* :1.3.
645,0 4.813 .004 13539 14.
650,0 4.832 .004 13606, 14.
655.0 4.851 .004 .1.3674. 22.
660.0 4.870 .004 :1.3784. 23.
665, 0 4.889 .004 13901 2 3.
670.0 4 .908 *003 14018. 38.

675.0 4.922 .004 :14210 21.
680.0 4.942 .004 14314. 21.
685.0 4.962 .004 :1.4419. 21.
690.0 4,982 .004 14524, 211
695.0 5.002 .004 1.4628. 2.1.
700.0 5.022 .005 :1.4733, 2.1.
705.0 5.048 .004 :1.4838. 23.
71.0.0 5.068 .004 14955, 25.
715.0 5.089 .004 15079. 25.
720.0 5 .110 .003 15203. 15.
7250 5.123 .004 15279. 15,
730.0 5.1.45 .004 :15356. :1.5.
735.0 5.168 .004 :15433. 23.
740.0 5.190 .004 15550,. 35.
745.0 5,212 .004 15726. 35.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 2*SENSOR DIAMETER*4*INCHES
SENSOR PAIR NUMBER* 1**RANGE* 1*

AMPLITUDE SENSOR INCHES/DIAI. MICROSTFAIN I R 0SI RTA FIN D1I.AL..

DIAL SFAC I N3 Ri1-E. A I NO G V:Ii. A 1N o
750.0 5.235 .005 1.5903. 16.
755*0 5.258 .005 15982. 29.
760 0 5.282 .005 16130. 30,
765.0 5.305 .003 16281. 38.
770.0 5.318 t005 16473. 38.
"775,0 5.344 .005 16664. 38.
780.0 5.370 - .005 16856. 38.
785.0 5.396 .005 17048, 38.
790. 0 5,422 006 17239 6.. 8.
795. 0 5,452 .005 :1 7 579 38.
800.0 5,4'79 .005 17771. 38
80,. 0 5.*506- .004 1.7964. :3,".
8 10.0 5.524 .006 1815 6. 38.

:31 ,5 . 0 5.552 .006 18348. 5 3.
320.0 5.581 .006 18615.t 40,
@25. 0 5.610 .005 183:1.5. 19,
330,0 5.633 .006 1.9909. 33.
835.0 5.664 .006 :1.9074 . 44.
@40.0 5.694 .006 19295. 44,
845.0 5.725 .006 19516. 4.4.
850.0 5.756 .006 19737. 4 ,
855.0 5,787 .006 19958. 44.
860.0 5.818 .005 20178. 44.
865.0 5.844 .007 20396. 44.
870.0 5.878 .007 20615. 44.
875.0 5,912 .007 20834. 44.
830.0 5.946 400/ 21053. 71,
885. 0 5 * 981 ,007 21408. 44.
890.0 6.016 .009 2l,628 . 44,.
895,0 6,060 .007 2 848,55
900.0 6.095 .007 22111. 32.
905.0 6.1:30 .0:1.0 22.2172. 4.6

910.0 6.181 .007 2250:1. 46.
915.0 6,216 .006 22730. 71. .)
920.0 6.247 .007 23:1.06. 40,

925.0 6.284 .007 23306. 40.
930.0 6.321 .008 23507. 40,
935.0 6.363 .008 23707 65.

940.0 6.402 .008 24033, 24.
945.0 6. 441 ,0:1. 0 24154, 30.
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BISON STRAI N GAGE LNSTRUMENT
CALIBRATION TABLI.:S

INSTRUMENT NUMBER* 2*S3ENSOR DIAMETEF*4*INCHF. S
SENSOR FAIR NUMBER* 1**RANOE* 1*

AMFL.ITULIE SENSOR INCHES/DIAL MI CROSTRA:A:.N MIT F 14 A N / D I AIL
DIAL SPACING RIEA I NG R EADI NG

95040 6.492 .003 24302. 53,
955*0 6.533 .009 24563. 31.
960.,0 6.577 .009 24722. 69.
965.0 6. 621 .009 25065. 48.
970.0 6.667 .009 25306. 76.
975.0 6.712 .011 25688. 95,
9300 6.769 .008 26160. 72.
985.0 6.811 .012 26522. 107.
990.0 6.373 .006 27059. 51.
995.0 6.902 .006 27311. 51
000 .0 6.931 1, 27564. 213.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

*** ** ** ***** *** * ***** ** *** ** * ***** * ** * **

INSTRUMENT NUMBER* 2*SENSOR DIAMETER*4*INCHES

SENSOR PAIR NUMBER* 1**RANGE* 2*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MICROSTRAIN/DIAL
DIAL SPACING RIEAD I NG READ ING

6.588 .002 24557. 2.5.
6.600 .002 24680. 25.
6.612 .002 24803. 25.

****** 6.624 .002 24927. 25.
6.635 .002 25052. 25,

60.0 6.647 .002 25177, 25.
65.0 6.659 .002 25303. 25.
70.0 6.671 .002 25430. 25.
75.0 6.682 .002 2557. 2.'

80.0 6,694 .002 25685. '.
85.0 6.706 .002 25813, 26.
90.0 6.718 .002 25942. 26.
95.0 6.730 .002 2.6072. 26

100.0 6*742 .002 26202. 26.
105.0 6.754 .002 2.6333,.
110.0 6.766 1002 26465. 26.
115.0 6.778 .002 26597. 2.
120.0 6.790 .002 26730 . 27
125.0 6.802 .002 26864. 27.
130.0 6*814 .002 26998. 27.
135.0 6,826 .002 27133. 27.
140.0 6.838 .002 27269, 27*
145.0 6.851 .002 27405. 27.
150.0 6.863 .002 27542* 2 .
155.0 6.876 .002 27680, 23.
160.0 6.888 .002 27918. 2.
165.0 6.900 .002 'V95. 2.

170.0 6*913 .002 28097. 2'"
175 .0 6*922 -003 28238o 28.

:180 .0 6 .935 . 00,3 28379. 2*.
185.0 6,948 .003 28521 . 29.
:190.0 6.961 .003 28663. 29,

H 195.0 6.974 4003 28807. 29.
200.0 6.987 .003 28951. 29.
20. 0.0 7 .000 .00,3 29095. 29.
210.0 7.013 .002 29241. 29o

' 215.0 7.026 .003 29387. 29.
220.0 7.039 * 003 29534. 30.
225*0 74 053 .003 29682. 30.

230.0 7.066 .003 29830. 30.
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BISON STRAlN GAGE LNSTF:WMENT
CAL.(BRATlON TABLES

INSTRUMENT NUMBER* 2*,SENSOR iIAMETER*4*INCHES
SENSOR PAIR NUMBER* **RANGE* 2*

AMF'LITUD- SENSOR INCHES/DIAL M ICROSTRAIN MT o C Pi]SRA I N/i I AL.
DIAL SPACING READIN'G REA DING

'35.0 7.080 .003 49979. 30.
240.0 7.093 *003 30129. 30.
245,0 7.1.07 .002 30280. 30.
250.0 7.115 .003 30431., 30,
255.0 7.1.2 .003 30583. 31 .
260.0 7.1.43 .003 3033. 31.
265.0 7. 158 .003 30890* '31 :L+

- 270.0 7,172 .003 3 :044. 3:L
275.0 7. 186 .003 31' 200. 31.
280 0 7.200 .003 31356. 31
285.0 7.214 .003 I1 .51.2. 32.
29040 7.230 .003 3:1.670. 32.
295.0 7 . .2 4"4 ' 003 32
300.0 7.259 .003 31987 3.-
305.0 7.274 .003 32147. 32
310.0 7,288 .003 32308. 32.
31 '. 0 7. .03 003 3.470.

320 .0 "7.317 .003 3.26. 33.
325 - 0 7.33. .003 32795. 33
330.0 7.347 .003 3..2959. 33.
335.0 7.362 .003 3312 24 34 .
340.0 7.377 .003 3:323 29. 33.
345.0 7.392 .003 33456. 33.
350, 0 7 o 408 . 00:1. 33623. 34.
355 . 7.415 . 003 33791. 34.
360*0 7 431. . 003 33960., 34 .
365.(0 7.447 .003 34:1.30. 34.
370.0 7.463 +003 34301. 34.

.7 7 ., 4 2 34 .
330,0 7.495 .003 34645. 35

305 •0 7.511 .003 3540:11. ."'

390.0 7.528 .003 34992 354
395.0 7.545 .003 35167. 35 .
400.0 7 .561 4003 35343 35.
405.0 7. 578 .003 ,35519, 36.
410.0 7.594 .00,3 35697. 36.
415 0 7.611 .003 35 875. 36.
420.0 7.625 .003 36055,. 36.
425.0 7.643 .003 36235. 36
430.0 7.660 .003 36416. 36.
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RI.

BISON STRAIN GAGF INSTRUMENT
CALIBRATION TAB.ES

INSTRUMENT NUMBF'R* 2*SENSOR DIAMETER*4*iNCiES
SENSOR PAIR NUMBER* 1**RANGF* 2*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MI CROSTRA I N/f' I AI.
DIAL SPAC*I NG READING F:AD I N G

435.0 7.677 .003 36598. 37
440*0 7.695 .003 36781. 37.
445.0 7.712 .004 36965. 37.
450.0 7+730 .004 371[50. 37.
455.0 7.748 .004 37336. 237.
460.0 7.766 .004 37523+ 38.
465.0 7,784 .004 37710. 38.
470.0 7.802 .004 37899. 38
475.0 7.820 .004 *380)88. 38.
480.0 7.841 .004 38279 . .
485.0 7,860 .004 38470. 38.
490 .0 7 . 878 o004 38662 . 39

495.0 7.897 .004 38856. 390
500.0 7.915 .003 39050. 39.
505.0 7.932 .004 39245* 39.
510.0 7.952 .004 39441, 39.
515.0 7,971 .004 396.39+ 40.
520.0 7.990 .004 39837. 40,
525.0 8.010 .003 40036. 40.
530.0 8.025 .004 40236. 40.
535.0 8.046 .004 40437, 40o
540.0 8.066 .004 40640. 41.
545.0 8. 087 .004 40843. 41.
550.0 8.107 .003 41047. 41.
555.0 8.124 .004 41252. 41.
560.0 8.146 .004 41458. 41.
565.0 . 8.167 .004 41666, 42.
570*0 8.189 .004 41874. 42.
575 ,0 8.211 .004 42083. 42.
580.0 8. 233 .004 4'2294. 42.
585.0 8.256 .004 42505. 43.
590.0 8.278 .004 42718. 43.

595.0 8.300 .004 42931. 43.
600.0 8323 .006 43146. 43.
605.0 8.351 .005 43362. 43.
610.0 8.374 .005 43579. 44.
615.0 8.396 .0015 43796. 44.

620*0 8.419 .005 44015. 62.
625.0 8.444 .005 44324. 120.630.0 8.468 .005 44922. 120.
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BISON STRAIN GAGE INST RUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 2*SENSOR D[AME'TER*4*INCHiS
SENSOR PAIR NUMBER* :L**RAN(3-* 2*

AMFLITUDE SENSOR INCHES/DIAL MICROSTRAIN MICROSTRAIN/DIAL
DIAL SPACING READING RE ADING

635.0 8.491 .005 45519. 120.
640.0 8.515 .005 46117. 120.
645.0 8.540 .005 46714. 341.

650.0 8.564 .005 48420. 76.
655.0 8.589 .005 48801. 76.
66040 8.613 .005 49182. 76.

665.0 8,637 ,005 49564. 76.
670.0 8.662 .005 49945. 76.
675.0 8.688 .005 50327. .

680,0 8.713 .005 51213. 51.
685.0 8.740 .005 51469. 51.
690.0 8.766 .005 51727. 61.

695 . 8.793 .005 52033. 77.

700.0 8.819 .006 52417. 77.

705.0 8.848 *005 52801. 59,

'710.0 8.875 .005 53096. 53.

715.0 8.902 .005 53361. 53.
720.0 8.929 .007 53628. 79.

725.0 8,Y63 .006 54024. 93.

730.0 8.991 .006 54489. 93.
735.0 9.019 .005 54953. 93.

740.0 9.046 .006 35418. 168.

745.0 9,076 ,006 56259, 86.

750*0 9.105 .005 ,6690. 86.

755.0 9.130 .006 57:122. 97.

760.0 9,161 .006 57608. 88.

765.0 9,193 .006 58049, 72.

770.0 9.224 .009 58406. 95.
775 . 0 9 .267 .006 58880, 95.

780.0 9 ,298 .006 59354. 95.
785,0 9.329 .008 59828.- 146.
790.0 9,368 .006 60561. 8 4.
795.0 9.400 .006 60981. 84.
800.0 9.432 .008 61400. 1.18.

805.0 9.472 .007 61990. 83.

8 10.0 9*505 .005 62405. 63.

815.0 9.528 .007 62722. 94,

820.0 9.565 .007 63:192. 94.
825.0 9.602 .007 63661. 94.

830.0 9.639 .01.1 64130. 64.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 2*SENSOR DIAMETER*4*INC',HES
SENSOR F'AIR NUMBER* 1**RANGE* 2*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MICROST RAIN/DIAL
DIAL SPACING READING R E.A fUI NG

835.0 9.692 .007 64451. 90.
840.0 9.728 .008 64899. 85.
845.0 9.766 .008 65325, 1.65.
850.0 9.806 .017 66150. 211.
855*0 9.893 .003 67203. 68,
860.0 9.908 .002 67545. 63.
865.0 9.917 ..005 67888. :1.42.
870.0 9.941 .005 68598. 73.
875.0 9.965 .005 68961. 73.
880.0 9.989 .005 69325. 73.
885.0 10.013 **** 69689. 73.
B90.0 9.974 .009 70052. 73.
895.0 10.019 .009 70416. 73.
900.0 10.065 .009 70780. 73.
905.0 1.0.110 .568 71.1.43, 73.
910.0 12.952 71507. 72,
915.0 10.233 .025 71864. 1.37.
920.0 10.359 .029 77551. 78.
925.0 10.506 .010 77939. 78.
930.0 10.557 .009 78329 78.
935.0 10.601 .009 78720. 341.
940.0 10.647 .011 80426. 232.
945.0 10.702 .010 81588. 106.
950.0 10.751 .01.3 82116. 348.
955.0 10.816 .0:1.0 63855* 258.
960.0 10.867 .009 85144. 258.
965.0 10.912 .01.3 86433. 86.
970.0 10.978 .006 86866. 8.7.
975.0 11.008 ** 87300. 87.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 2*SENSOR DIAMETER*4*INCHES
SENSOR PAIR NUMBER* 1**RANGE* 3*

AMPLITUDE SENSOR INCHES/DIAL MICR OSTRAIN MICROSTRA]IN/DI AL
DIAL SPACING READING REAl1) IN3
5.0 9.494 .003 62140. 62.
10.0 9.508 .003 62450. 62.
15.0 9.521 .003 62763. 63.
20,0 9,535 .003 63076. 63.
25.0 9,548 .003 63392. 63.
30.0 9,562 .003 63709, 64.
35.0 9.575 .003 64027. 64o
40.0 9.589 .003 64347, 64.
45.0 9*603 .003 64669. 65.
50.0 9.616 .004 64992. 65.
55.0 9.636 .003 65317. 65.
60.0 9.649 .003 65644. 66.
65.0 9.663 .003 65972. 66,
70.0 9.677 .003 66302, 66.
75.0 9.690 .003 66633, 67.
80.0 9,704 .003 66967, 67.
85+0 9.717 .003 67301. 67.
90.0 9.731 .003 67638. 68.
95.0 9.745 .003 67976. 68.
100.0 9.759 .003 68316. 68.
105.0 9.773 .003 68658. 69.
110.0 9.787 .003 69001. 69.
115.0 9.800 .003 69346, 69.
120.0 9.814 .003 69692. 70.
125.0 9.828 .003 70041. 70.
130.0 9.843 .003 70391. 70.
135.0 9,857 .003 70743. 7:1.+
140.0 9.871 .003 7:1.097, 71.
145.0 9.886 .003 71452, 71.
150.0 9.900 .003 71809. 72.
155.0 9.914 .004 72168. 72.
160.0 9.933 .003 72529. 73.
165,0 9,947 ,003 72892. 73,

170.0 9.962 .003 73256. 73,
175.0 9.976 .003 73623. 74.
180.0 9.991 ,003 73991. 74.
185.0 10.005 .002 74361. 74.
190.0 10.014 .003 74732. 75.
195.0 10.029 4003 75106. 75.
200+0 10.044 .003 75481. 75.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 2*SENSOR DI AMETER*4* I NCHES
SENSOR PAIR NUMBER* 1**RANGE* 3*

AMPLITUDE SENSOR INCHES/DIA MICROSTRAI N MI CROSTRA iN/D IAL
DIAL SPACING READING RE AI) I NG

205.0 10.060 .003 75859. 76.
210.0 10.075 .003 76238. 76.
215.0 10.090 .003 76619. 77.
220.0 10.1.05 .002 77002. 77.
225.0 10.118 .003 77387. 77,
230.0 10.134 .003 77774. 78.
235.0 10.150 .003 78163. 78t
240.0 10.166 .003 78554# 79.
245.0 10.182 .003 78947. 79.
250.0 10.198 .003 79341. 79.
255.0 10.213 .004 79738. 80.
260,0 10+233 .003 80137. 80
265.0 10.249 .003 80537. (1.
270o0 104265 ,003 80940. 81.
275.0 10.2811. .003 81345. 81
280.0 10.297 .003 81751. 82.
285+0 10.313 .004 82160. 82.
290.0 10,331 .003 82571. 83.
295.0 10.348 .003 82984. 83.
300,0 10.364 .003 83398. 83.
305.0 10.380 .003 83815. 84.
310.0 10.397 .003 84234* 84,
315.0 :10.413 .003 84656. 85.
320.0 10.429 .003 85079. 85.
325.0 :1.0,446 .003 85504. 86,
330.0 10.463 .003 85932. 86.
335.0 10.480 .003 86361. 86,
340.0 10.497 o003 86793. 87.
345.0 10.514 4004 37227. 87.
350.0 10.534 .003 87663. 88
355.0 10,551 .003 88101. . 88.
360.0 10.568 .003 88542.o 89.
365.0 10.585 .003 88985. 89,
370.0 10.603 .003 89429. 89.
375.0 10,620 .004 89877, 906
380,0 10.639 .004 90326. 900
385.0 10.657 .004 90778. 91.
390.0 10675 .004 91231. 9:1.
395.0 10.693 .004 9:1688. 92.
400.0 10.711 .003 92146. 92.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 2*SENSOR DIAMETER*4*INCHESSENSOR PAIR NUMBER* 1**RANGE* 3*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MICROSTRAIN/DIAL
DIAL SPACING READING READ I N G

405.0 10.724 .004 92607. 93.
410.0 10.743 .004 93070, 93.
415.0 10.762 .004 93535. 94.
420.0 10.781 .004 94003. 94.
425.0 10.801 .004 94473. 94.
430,0 10.820 .004 94945. 95,
435.0 10.841 .004 95420. 95.
440.0 10.861 .004 95897. 96.
445.0 10,881 .004 96376. 96.
450.0 10.901 .004 96858. 97o
455.0 10.921 .004 97342. 97.
460.0 10.940 .004 97829. 98.
465.0 10.961 .004 98318, 981
470.0 10.981 .004 98810. 99.
475.0 11.002 .004 99304. 99.
480.0 11.022 .005 99300. 100.
485.0 11.048 .004 100299. 100.
490.0 11.069 .004 100801. 101.
495.0 11.090 .004 101305. 101.
500.0 11. 111 .004 101811. 102.
505.0 11.129 .004 102320. 102.
510.0 11.151 .004 102832. :1.03.
515.0 11.173 .004 103346. 103.
520.0 11.195 .004 103862. 104.
525.0 11.217 .006 104382, 1.04.
530.0 11.249 .004 104904, :1.05.
535.0 11.270 .004 105428. :1.05.
540.0 11.291 .004 105955. 106.
545.0 11.312 .005 106485. 106.
550.0 11.338 .004 107017. 107.
555.0 11.359 .004 107552. 108.
560.0 11.380 .004 ]08090. 108.
565.0 11.402 .004 1.08631. 109.
570.0 11.423 .008 109174. 109.
575.0 11.464 .003 109720. 110.
580.0 11.479 .003 110268. 1.0.
585.0 11.495 .003 110.819. Ill.
590*0 11.510 **** 111373o Ill.

A
I

Li
p.-4



BISON STRAIN GAGE INSTRUMENT

CALIBRATION TABLES

INSTRUMENT NUMBER* 3*SENSOR DIAMETER*2*INCHES
SENSOR PAIR NUMBER* 2**RANOE* 2*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MICROSTRAIN/DIAL

DIAL SPACING READING READING
7010 3,402 .001 24960. 25.
75,0 3.409 o001 25085, 25.
80.0 3.416 .001 25211. 25.
85.0 3,423 .001 25337. 25.
90.0 3.430 .001 25463. 25.
95.0 3.437 .001 25591. 26.
100.0 3.444 .001 25719. 26.
105.0 3.450 .001 25847. 26.
110,0 3*457 .001 25976. 26+
115.0 3,464 .001 26106. 26,
120.0 3,471 .001 26237. 26.
125.0 3.478 .001 26368. 26.
130.0 3.485 o001 26500, 26.
135,0 3,492 .001 26632. 27.
140.0 3.499 .001 26765. 27.
145.0 3.506 .001 26899. 27.
150,0 3,513 .001 27034. 27,
155o0 3#519 .001 27169. 27.
160.0 3s526 *** 27305. 27,
165.0 3.524 .001 27441. 27.
170.0 3.532 .001 27578. 28.
175.0 3.539 .001 27716. 28.
180.0 3.546 .001 27855. 28.
185.0 3.554 .001 27994. 28.
190.0 3.561 .001 28134. 28.
195.0 3.569 .001 28275. 28.
200.0 3o576 t001 28416. 28t
205.0 3.583 .001 28558. 29.
210.0 3.591 .001 28701. 29.
215.0 3.598 .001 28845. 29.
220.0 3.606 .001 28989. 29.
225.0 3.613 .001 29134. 29,

230.0 3.620 *** 29279. 29.
235.0 3.620 .002 29426. 29.
240.0 3.628 .002 29573. 30.
245.0 3,636 ,002 29721. 30.
250.0 3,644 .002 29869, 30.
255.0 3o652 .002 30019. 30.
260.0 3o660 .002 30169, 30.
265.0 3.668 .002 30320. 30.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

*********** ****** ** *** ***** **** *

INSTRUMENT NUMBER* 3*SENSOR DIAMETER*2*INCHES
SENSOR PAIR NUMBER* 2**RANGE* 2*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MICROSTRAIN/DIAL

DIAL SPACING READING READING
270.0 3.676 .002 30471. 30.
275.0 3.684 .002 30624, 31.
280.0 3.691 .002 30777. 31.
285.0 3.699 .002 30931. 31.
290.0 3.707 .002 31085. 31.
295.0 3.715 .002 31241. 31.
300.0 3.723 **** 31397. 31.
305.0 3.722 .002 31554. 32.
310.0 3.731 .002 31712. 32.
315.0 3.739 .002 31870, 32.
320+0 3.748 .002 32030. 32.
325.0 3.756 .002 32190. 32.
330.0 3.765 .002 32351, 32.
335.0 3.774 .002 325124 33.
340*0 3.782 .002 32675. 33.
345.0 3.791 .002 32838. 33.
350.0 3.799 .002 33003. 33.
355,0 3.808 .002 33168. 33.
360.0 3.816 .002 33333. 33.
365.0 3*825 .000 33500. 34.
370.0 3.825 .002 33668, 34.
375.0 3.835 .002 33836. 34.
380.0 3,844 .002 34005. 34.
385.0 3.853 .002 34175. 34.
390.0 3.862 .002 34346. 34.
395.0 3o871 .002 34518. 35.
400.0 3.881 .002 34690o 35.
405.0 3*890 .002 34864. 35.
410,0 3.899 .002 35038. 35.
415.0 3.908 .002 35213. 35.
420.0 3.918 .002 35389. 35.
425.0 34927 .000 35566, 36.
430.0 3.929 .002 35744. 36.
435.0 3.939 .002 35923. 36.
440.0 3.949 .002 36102. 36.
445.0 3.958 .002 36283. 36.
450.0 3.968 .002 36464. 36.
455.0 3.978 .002 36647. 37.
460.0 3.988 .002 36830. 37.
465.0 3.998 .002 37014. 37.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 3*SENSOR DIAMETER*2*INCHE:7S

SENSOR PAIR NUMBER* 2**RANGE* 2*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MICROSTRAIN/DIAL
DIAL SPACING READING F. A )1 NG

470.0 4.008 .002 37199, 37.
475.0 4.018 .002 37385. 37,
480.0 4.028 .001 37572. 38.
485.0 4.032 .002 37760. 38.
490.0 4.042 .002 37949. 38.
495.0 4.053 .002 38138. 3f.
500.0 4.064 .002 38329. 38.
505.0 4.074 .002 38521. 39.
510.0 4.085 .002 38713. 39.
515.0 4.095 .002 38907. 39.
520.0 4.106 .002 39101. 39.
525.0 4.116 .002 39297. 39.
530.0 4.127 .000 39493. 39.
535.0 4,129 .002 39691. 40.
540.0 4.141 .002 39889. 40.
545.0 4.152 .002 40089. 40.
550.0 4.164 .002 40289. 40,
555.0 4.175 .002 40491. 40.
560.0 4.187 .002 40693. 41.
565.0 4.198 .002 40897. 41.
570.0 4.210 .002 41101. 41.
575.0 4.221 **** 41307. 41.
580.0 4.220 .003 41513. 42.
585.0 4.2.33 .003 41721. 42.
590.0 4.246 .003 41929. 42.
595.0 4.258 .003 42139. 42.
600.0 4.271 .003 42350. 42.
605.0 4.283 .003 42561. 43.
610.0 4.296 .003 42774. 43.
615.0 4.309 .003 42988. 43.

620.0 4.321 .001 43203. 43,
625.0 4.325 .003 43419. 43.630.0 4.338 .003 436,36. 44.
635.0 4.352 .003 43854. 44.

640.0 4.366 .003 44074. 44,
645.0 4.379 .003 44294. 44.
650.0 4,393 .003 44515. 45.

* 655.0 4,407 .003 44738. 45.
660.0 4.420 .001 44962. 45.
665,0 4.424 .003 45186. 45.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION 'ABLES

INSTRUMENT NUMBER* 3*SENSOR DIAME'TER*2* INCHES
SENSOR PAIR NUMBER* 2**RANGE* 2*

AMPLITUDE SENSOR INCHES/ElI AL MICROSTRAIN MICROSTRAI N/DIAL
DIAL SPACING READING RE AEI': N G

670,0 4.439 .003 45412+ 45.
675:0 4,454 .003 45639, 46.
680.0 4.469 .003 45868, 46.
685,0 4.484 .003 46097. 46.
690*0 4.498 .003 46327. 46,
695.,0 4+513 .003 46559, 47,
700.0 4*528 .002 46792, 47.
705.0 4,540 .003 4/026. 47.
710.0 4,556 .003 47261., 47.
715.0 4.571 .003 47497. 47,
720 o 04.587 003 47735. 67.
725.0 4.603 .003 48071, 77,
730.0 4.619 .003 48456. 77.
735,0 4.634 .003 48840. 49,
740.0 4,648 .003 49085, 64.
745.0 4.665 4003 49404. 86.
7'. 50 , 0 4 .682 .003 49833 . 86 .
755.0 4.698 .003 50261 86.
'760.0 4,715 .003 50690, 51+
765.0 4,732 .002 50944, 54.
770.0 4.744 .004 51.214. 95.
775.0 4.762 .004 51.687. 95.
780.0 4*780 .004 521.6:L, 95.
785.0 4.798 .004 52635. 95.
790. 0 4. 816 .004 53108, 95.
795 * 0 4. 834 .00 3 53582. 102
800.0 4.850 ,004 54093. 98.
805,0 4.869 .004 54582, 98.
810 . 0 4, 888 ,)004 5507 1., 98
815 .0 4.907 *004 55560. 98.

820.0 4+927 .002 56049. 1.04,
8 2 5.0 4,939 .004 56571: 98:
830.0 4.960 *004 57061. W98.

835.0 4.980 .004 57551. 98,
840,0 5+001 .004 58041, 98,
845.0 5.022 .003 58532 . 67,

850.0 5,037 4004 58866. 109.
855.0 5,059 .004 59412. 1094
860.0 5.08:1. .004 59958. :1.09.
865.0 5..104 .004 60505. 109.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

************ ****** ** ***** ********

INSTRUMENT NUMBER* 3*SENSOR DIAMETE:R*2*INCHIES
ISENSOR PAIR NLUMBER* 2**RANGE* 2*

AMPLI TUDE E3ENSOR INCHES/IAL. MICROSTRAIN MICROSTRAIN/DIAL
DIAL SPACING RIE'.AD I NG Rl1:ADI N3

870.0 5.126 .004 61051. 93.

875.0 5,146 .005 61515. 1.14.
880.0 5,170 .005 62086. 114.
885.0 5.193 .005 62658. 114.
89040 5.217 .005 63230. 114.
895.0 5.241 .006 63801. 91.
900.0 5.269 .005 64257. 119.
905.0 5.294 .005 64902, 129.
910.0 5.318 .005 65546. 66.
915.0 5.343 .005 65874. :1130.
920.0 5.368 .005 66525. 146.

925 .0 5.394 .005 67256. 146.
930.0 5,421 .003 679?87. 146 +

935.0 5.435 .006 6871.9. 69.
940.0 5.464 .006 69062. 69.
945.0 5.494 .006 69407. 1.4.
950.0 5.523 .006 70079o 300.
9,55,0 5. , 5", .006 71581 7 .
960.0 5.584 .006 7:1939. 300.
965.0 5.61.4 .006 73437. 368.
970.0 5.643 .010 75275. 105.
975.0 5.691 .005 75801. 481.
980.0 5.717 .005 78206. 567.
985.0 5.744 .009 81043. 424.
990.0 5.791 .003 83161. 424.
995.0 5.808 .003 85280. 424.

1000.0 5.825 **** 87398. 87,
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BISON STRAIN GAoGE INSTRUMENT
CAL E HRAI [N 'I Al L7 S

INSTRUMENT NUMBER* 3*SILNSOR 1) AMETER*2*INCHfS
ENSOIR 'AIIR NUMBER* 2**ANt3E* 3*

r,AMPL IIUDE SENSOR I NC-HES/ AL MI CROSTRAIN M :EROSTRA IN/[]:AL
D.IAL SF'A C I N (. ; E. A DI N G t : 'I N-C ,

4. 911 0 57-396.
4 .918 7683, 58

31 4.926 . 00:1. 57971 . 58,

AK 4.933 .00:1. 58261. 58

25.0 4.940 .001 58552. 59.
30 0 4.947 .00:1. 58845. 59.
35.0 4.955 +00:1. 591:39. 59,
40.0 4.962 .001 59435. 59,
45. 0 4.969 . 001. 59732 * 60

50.0 4. 977 . 001 60031. 60,

55 * 0 4.984 .001 6033:1. 60.
60.0 4.991. .001 606 3 * 61
65.0 4,999 .001. 60936.
700 5.006 4 001 61241. 61.
75.0 5.013 .001. 61547. 62.
80.0 5. 021 .001. 61854. 62.

5 .0 5.024 .002 n2:1.64. 6

90.0 5o031. .002 62475. 62..
95.0 5.039 .002 62787. 63.

100.0 5.047 .002 63:1.01. 63.
105.0 5.054 .002 634:1.6. 63.
110.0 5.062 .002 63733. 64.
115.0 5.070 .002 64052. 64.
120.0 5.077 .002 643724 64,
125.0 5.0 '" 00:315 64694. 65.

1:30 , 0 5 .093 . 002 65018 . 65
135. 0 5. 1.00 . 002 6534:, 65.

140.0 5.:1.08 .002 65670. 66.
.45.0 5. 1.16 .002 659, 66,

150 .0 5 1. 23 . 0 0 0 66 38 . 66.

155.0 5 .24 . 002 66659. 67.
160 , 0 5. 133 .002 66993. 67.
:165.0 5 *:1 41 .002 67328, 67.
170.0 5. 149 .002 67664. 68.
175.0 5. 1.57 ,002 6800:3. 68
.1.80.0 5.1.65 .002 68343, 68.
185.0 5.1.73 .002 68684. 69.
.1.90,0 15. 1.81 .002 69028. 69.
:1.95.0 5.1.89 .002 69373. 69.
200.0 5.198 .002 69720, 70.
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BISON STRAIN G3AG:E: 'NSTFRUMEN'T
(CAL.IBRA'T*]:O*N TABIES

INSTRUMENT NUMBER* 3*,SENSOR I l.AMETIER*2*INC2HLS
SENSOR PAIR NUMBER* 2**RVANGIE* 3*

AMPLITUDE SENSOR 1 NOHES/D I A... MICJSIRA ]:N M I ClRosTr ] N /I: I AI..
D I AL S f"A C I N I RAINAD N G

205.0 '5. 206 4002 70066. 70.
210.0 5,214 .002 704:1.8 704

215.0,'=' ' **** 70770. 71.

2"20 .0 5.221 .002 71124 . 71.
15 -. 0 5.230 .002 7:1.480. 71 .
230.0 5.239 o002 7:1.837. 72.

235.0 5.248 .002 72:1.96. '72,
240.0 5,256 .002 72557. 73,

245.0 5, 265 .002 72920. '73.
250 .0 5 274 .002 73235. 73,
255.0 5.282 .002 73651. 74
260.0 5, 29:1. .002 74019. 74.
265 . 0 5 , 300 .002 74389* 74
270 .0 5.309 .002 7476:1. .,

275.0 5 . 317 o002 751.35. 75.
280.0 5.326 0 0:1. 751' . 76.
85, 0 5 * 329 .002 750E8 . .76.

X9(.0 5.338 .002 76268. '76.
295+0 5 * 347 .002 76649. 77.
300*0 5 357 .002 77032. 77
305.0 5.366 .002 77417. 77.

310.0 5. 375 .002 77804. 73.

315.0 5.385 .002 7 31 9 3. 78.

320.0 5.394 .0 o2 73584. 79.

325.0 5.403 4002 78977, 79.
330.0 5.412 .002 79:372, 79.

335.0 5.422 *** 769.. 80 +
340 . 0 5.419 ,002 80:.68. 30.
345 .0 5.429 .002 80568. 81, .

350.0 5.439 .002 8097:1.. 81..

355.0 5.450 .002 813'76. 8 1.

360,0 5*460 .002 8:1.78 3 82*
365.0 5.470 .002 82192. 82.

370.0 5. 480 .002 82603. 83.
375 0 5.491 002 830:1. 83.

:7.0 0 5.501 .002 E.3301. 3
335.0 5, +511 .002 83848. 84 .
390.0 5.521 **** 84267. 84.
395.0 5o520 .002 84688 *W5 .
400.0 5.531 .002 85:112. 85 .
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLEIS

INSTRUMENT NUMBER* 3*SENSOR DIAMETER*2*INCHES
SENSOR PAIR NUMBER* 2**RANGE* 3*

AMPLITUDE SENSOR INCHES/DII.. MI CROSTRAIN M I CROSTRA IN/D IAL.

405.0 5 . 542 .002 85537. 8:6 *

410.0 5.553 .002 85965* 86.
4*15.0 5.564 .002 86395. 86 .
420.0 5.575 .002 86827. 87.
425.0 5.587 .002 87261. 87.
430.0 5.598 .002 87697. 88
435.0 5.609 .002 88135. 88.
440.0 5. 620 .002 88576. 89.
44 5.0 5.631 .002 890:1.9. 89.
450.0 5.641 .002 89464. 89.
455.0 5.652 .002 899:1.1. 90.
460.0 5.664 .002 90361. 90.
465.0 5.675 .002 90813. 91.
470.0 5.687 .002 91267. 91.
475 .0 5.699 .002 91723, 92.
480.0 5.710 .002 92182. 92.
485 .0 5.722 .001 92642. 93.
490.0 5.725 .002 93:106. 93.
495.0 5. 737 .002 93571. 94.
500.0 5.750 .002 94039. 94.
505.0 5.762 .002 94509. 95.
510.0 5.774 .002 94982. 9',15.
515.0 5.786 .)002 95456, 95.
520.0 5.798 .002 95934. 96.
525.0 5.811 .002 96413. 96.
530.0 5.82:3 .003 9689 ,5, 97.
53500 5.836 .003 97380. 97.
540.0 5.848 .003 97867. 98.
5.45 . 0 5 .861. .003 983.56 , 98 4

550.0 5 .873 .003 98848. 99.
555 .0 5.886 .003 99342. 99.
560.0 5.899 .003 99839. 100
565 .0 5 . 911 4 003 :1.00338. 1.00.
570,0 5.924 .001 100840. 101.
5'5. 0 5.931 .003 101344. 101.
580. 0 5. 944 .003 1.01850. :1.02*
585'.0 5.957 .003 :102360. :1.02.

590.0 5.971 .003 :1.02871. * 1.03.
595.0 5.984 .003 103386. 1.03.
"600.0 5.998 .003 103903. 104.
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* *** ** *** ** ***** *** **** ************** ***

BISON STRAIN GAGE INSTRUMENT
-CAL IBRATION TABLES

INSTRUMENT NUMBER* 3*SENSOR DIAMETER*2*INCHES
SENSOR PAIR NUMBEzR* 2**RANGE* 3*

AMPLITUDE SENSOR INCHES/DIAL. MICROSTRAIN MICR0STRAIN/DI AL.
DIAL SPACING REA DING F1 U1) I N (

605.0 6 .011 .003 104422. 104.
610.0 6.025 .001 104944. 105.
615.0 6.032 .003 105469. 105.
620.0 6.046 .003 105996. 106.
625.0 6.060 .003 106526. 107.
630.0 6.075 .003 107059. 107,
635,0 6,089 .003 107594. 108.
640.0 6.103 .003 108132. 108.
64.5.0 6,.113 .003 108673, 109.
650.0 6.132 .002 109216. 109.
655.0 6.140 .003 109762. :1.10.
660.0 6.156 .003 11031.1. 110.
665.0 6.1.72 .003 1:1.0862. 111
670.0 6.. 187 .003 111416. 111.
675,0 6.203 .003 111973. 1.12.
680.0 6,219 .003 112533. 113,
685 .+0 6. 234 .002 1:13096. 113.
690.0 6,244 .003 113661. 1.1. 4.
695.0 6+260 .003 114230. 114,
700.0 6.277 .00:3 11480:1.. 115.
705.0 6.294 .003 115.75. + :1.5,
710,0 6+311 .003 115952. 116,
715,0 6,328 o001 11-6531. .1.7
720,0 6.335 .004 ..17114. 117,
795.0 6.353 .004 :1. 1. 7699. 118.

7"0 , o 6+371. .004 11 B8288. 1 8+

735 . 0 6*389 .004 II 879. 119.
740,0 6.407 .004 119474. 119.
745 . 0 6.425 002 120071. .1.20.

750.0 6.434 .004 :1.2067:1. 121.
755.0 6.454 .004 121275. 121.
760,0 6,473 4004 121881. 122.
765.0 6.492 .004 122490. 122.
770.0 6.511 .004 1.23:1.03, 123
775 0 6,531 .004 1.23718. :1.24.
780+0 6.550 .004 124337. 124.
785,0 6.569 .004 124958. 125.
790.0 6.588 .004 125583. 126.
795,.0 6W608 .004 126211. :1.26.
800.0 6o627 .002 126842. 127.
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BISON STRAIN GAGE INSTRUMENT

CALI BRATI ON TABLES

INSTRUMENT NUMBER* 3*SENSOR DIAMETER*2*INCHES
SENSOR PAIR NUMBER* 2**RANGE* 3*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MICIOSTRAI N/IAL
DIAL SFAC ING RE AD] I NG READ I NG

805.0 6.637 .004 127476. 127.
810.0 6.659 .004 128114. 128.
15.0 6.680 .004 128754. :1.29.
820.0 6.701 .004 129398. 129.
825.0 6.723 .003 130045. 1.30.
830.0 6.739 .005 130695,. 131.
835.0 6.762 .005 131349. 131.
840.0 6.785 .005 132005. 132.
845.0 6,808 .005 132665. 133.
850 .0 6.831 .004 1.33329. 133.
855.0 6.853 .005 133995. :1.34.
860.0 6.877 4005 134665. 135.
865.0 6.901 .005 135338. 1.35.
870.0 6.926 .004 136015, 1.36,
875.0 6.943 .005 136695, 137.
880.0 64970 .005 137379. 137.
885,,5. 0 6.996 .005 138065. 138.
890.0 7.023 .005 138756. 139.
895.0 7.046 .006 139450. 139.
900.0 7.074 .006 140147. 140.
90540 7.1.03 .006 140847. :1.41.
910.0 7. 131 .007 141552. :142.
915.0 7.166 .006 142259. 1420
920.0 7,1.94 .006 142971. 1.43.
925.0 7.222 .006 143685. 144 .
930*0 7 .2,5 .006 :1.44404. :1.44.
935.0 7. 281. .006 :1. 45126 145.
940.0 7.309 006 145851.. 1.46.
945.0 7.337 .0 1 0 1. 465,83:1.. :1.47.
950.0 7.388 .004 147.714. 147
955 * 0 7. 406 .004 :14805* 148.
960.0 7o424 **** 148790. 149.

A°i
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 3*SENSOR DI)AMETER*4*INCHES
SENSOR PAIR NUMBER* 2**RANGE* 1.*

A MFPLI TUDE SENSOR I NCHES/I:IIAL MICROSTRAI N MIC ROSTRAIN/DIAL
DIAL SF'AC ING READING READING

500.0 5.364 .111 18654. 1733.
505.0 5.918 .236 27319. 3277.
510.0 7.097 **** 43704. 44,
515.0 --4.300 .058 43923, 44.
520.0 --4.011 .058 44142. 44.
525.0 "-3.723 .058 44363, 44,
530.0 -3.434 .058 44585. 45.
535.0 -3.1.45 .058 44808. 45.
540.0 .2.856 .058 45032. 45,
545.0 --2.568 .058 45257. 45.
550*0 "-2#279 .058 45483. 45.
5551 .990 058 45710, -46.
560.0 -. 1.701. .058 45939. 46 .
565.0 -1.412 .058 46169. 461).
570.0 -1 .1 24 .058 46400. 46.
575.0 -0. 835 .059 46632o 47.
580. 0 --0.546 .058 46865. 47.

585 .0 0.4257 .058 47099, 47.
590.0 0.032 *058 47335. 47.
595,0 0.320 .058 47571. 48.
600.0 0.609 .058 47809. 48.
605.0 0.898 .058 48048. 48.
610.0 1. 187 .058 48288. 48.
615.0 1.475 .058 48530. 49.
620.0 1,764 .058 48772. 49.
625.0 2.053 .058 .490:16. 49.
630.0 2,342 .058 49261, 49.
635.0 2+63:1. .058 49508. 50.
640.0 2.9919 .053 49755. 50.
645 .0 3,208 . 05(8 50004 * 50.
650.0 3*.497 .058 50254. 50.
655 .0 3.786 .058 50o0o. 51.
660.0 4.074 .058 50758. 51.
665.0 4.363 .058 51012. 51.
670.0 4,652 .058 1 267. 51
675.0 4.94:1. **** 51523. 52.
680.0 4.875 023 1,51781. 52.
685.0 4,991 .013 52039. 52,
690,0 5,056 **** 52300. 524
695,0 5,053 4004 52561,. 53.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 3*SENSOR DIAMETER*4*INCHES
SENSOR P'AIR NUMBER* 2**R:ANGE* 1*

AMPLITUDE SENSOR INCHES/IIAL MICROSTRAIN MICROSTRAIN/t.IAL
DIAL SPACING READING READING

700.0 5.072 .004 52824, 53.
705.0 5,091 .004 53088. 53.
710.0 5.110 53354. 53.
715.0 5.109 .004 53620. 54.
7200 5 .131 .004 53888. 54,
725.0 5.153 .004 54158. 54.
730,0 5.175 .004 54429. 54,
735.0 5.197 *004 54701. 55
740.0 5.219 .005 54974. 55.
745.0 5. 244 .005 5 52M9 * 55.
750.0 5,267 .005 55525, 56.

755.0 5 .90 .005 55803. 56.
760.0 5.313 .004 56082. 56.
765.0 5 1 331 .005 56362. 56.
770.0 5.355 .005 56644, 57.
775.0 5.380 .005 56927. 57.
780.0 5.404 .005 57212. 57.
785.0 5.429 .006 57498. 57.
790.0 5.460 .005 57786. 58.
795.0 5 .485 .005 58075, 58.
800.0 5651.10 .003 58365. 58.
805,0 54527 .005 58657. 59.
810.0 5.554 .005 58950. 59.
815.0 5,582 .005 59245. 59.
820.0 5.609 .005 59541. 60.
825.0 5.634 .006 59839. 60.
830.0 5.663 .006 60138. 60.
835.0 5 . 693 .006 60439o 60.
840 .0 5 * 722"' . 007 60741. 6:1.
845.0 5.757 .006 61044. 61.

4 850,.0 5.787 .006 61350. 61.
855.0 5.817 .006 61656. 62.
860.0 5.848 .006 61965. 62.
865,0 5,879 .006 62275. 62.
870.() 5.910 * 006 62586. 63.
875.0 5.942 .007 62899. 63.

880.0 ,5.975 .007 63213. 63.
885.0 6.008 .007 63529. 64.
89010 64042 .007 63347. 64.
895.0 6.077 .007 64166. 64,
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NJMBER* 3*SENSOR DIAMETER*4*INCHES
SENSOR PAIR NUMEBER* 2**RANGE* :t*

AMPLITUDE SENSOR INCHES/b I AL MICROSTRAIIN MICR0STRAIN/DIAL
* DIAL SPACING READING 64487N READ I NG

900.0 6.112 .007 64487 64,
905.0 6.148 .007 64810. 65.
910,0 6.85 ,007 65134. 65,
915.0 6.221 .009 65459. 65,
920.0 6.264 .008 65787. 66.
925.0 6,302 .008 66115. 66,
930.0 6.340 .010 66446. 66.
935.0 6.391 .008 66778. 67.
940,0 6,430 *008 67112. 67.
945.0 6,469 .008 67448 67.
950.0 6.510 .007 6778 5. 68.
955.0 6.547 .009 68124. 68,
960.0 6.592 4009 68464, 68.
965.0 6*637 .013 68806. 69.
970.0 6.701 °008 69150. 69,
975.0 6*742 .012 69496. 69,

980.0 6.802 .007 69844. 70.
985.0 6.839 .011 70193. 70.
99040 6.894 .003 70544. 71.
995.0 6.909 **** 70896o 71.

-I
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BISON STRAIN GAGE INSTRUMENT
i CAl.,. IBRA*T ION *TABLES

INSTRUMENT NUMBER* 3*SENSOR D:AMTER*4*INCHES
SENSOR PAIR NUMBER* 2**RANGE* 2*

SAMPLITUDE SENSOR I NCHES/DI AL MICROSTRAIN MICROSTRAIN/DIAIL
DIAL SP-ACING READ I N RE A DI NG
50.0 6.590 .002 25031, 25.
55.0 6.602 .002 25156, 25.
60.0 6.614 .002 25282. 25.
65.0 6.626 .002 25409# 25.
70.0 6.638 .002 25536. 26.
75.0 6.650 .002 25663. 26.
80.0 6.662 .002 25792. 26.
85.0 6.674 .002 25921. 26.
90.0 6.686 .002 26050. 26,
95.0 6.698 .002 26180, 26.
100.0 6.711 .003 26311. 26.
105.0 6.7217 .002 26443. 26o
110.0 6.739 .002 26575. 27.
115.0 6,752 .002 26708. 27.
120#0 6.764 .002 26841. 27.
125.0 6.776 .002 26976. 27.
130.0 6.788 .002 27111, 27.
135.0 6.800 .002 27246. 27.
140.0 6.812 .002 27382. 27.
145.0 6.824 .002 27519. 28.
150.0 6.836 .002 27657. 28,
155.0 6.849 .002 27795, 28.
160.0 6.861 .002 27934. 28.
165.0 6.874 .002 28074. 28.
170.0 6,886 .002 282:14. 28.
175.0 6.898 .002 28355, 28.
180.0 6.911. .002 28497, 28.
185.0 6.921 .003 28639. 29.
190.0 6,934 .003 28783, 29.

195,0 6o947 .003 28927. 29.
200.0 6.960 .003 29071. 29.
205.0 6.973 .003 29217. 29.
210.0 6.986 .003 29363. 29,
215.0 6.999 .003 29509. 304

-- 220.0 7.012 .002 29657, 30.
225.0 7.023 .003 29805 . 30.
230.0 7.037 .003 29954. 30,
235.0 7.050 .003 30:104. 30.
240.0 7.064 .003 30255. 30.
245.0 7.077 .003 30406. 30.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 3*SENSOR I EAMErER*4*INCHES
SENSOR PAIR NUMBER* 2**RANGE* 2*

AMPLITUDE SENSOR INCHES/1IAL MICROSTRAIN MICROSTRAIN/D I AIL
* DIAL SPACING READING R:F.. ADI )G

250.0 7.091. .003 305538. 31 .
255.0 7.104 .003 30711.# 31.
260,0 7o118 .003 30864. 31.
265.0 7.1.33 .003 31019. 31.
270.0 7.147 .003 31174. 31.
275 .0 7.1.61 .003 31330. 31.
2800 7°].75 .003 3:1.486. 31.
285.0 7.189 .003 3:1.644. 32.+
290.0 7.202 .003 3.1802. 32.
295.0 7.216 .003 31961.
300.0 .229 .003 " 212:1. 32.
305. 0 7.244 .003 32, .8 * 32+
:31000 7. 253 .003 32443. 32 .
315.0 7.273 .003 32605. 33.
320.0 7.287 .003 32768. 33+
325 . 0 7.302 .003 32932 33.
330*0 7°.316 .003 33096. 33.
335.0 7 .329 .003 33262 . 33.
340.0 74344 .003 33428. 33.
345 .0 7. 359 .003 3359, 34,
350.0 7*374 .003 33763. 34.
355 40 7*390 *003 33932 * 34.
360.0 7,405 .003 34:1.02. 34.
365°0 7o420 .003 34272. 34.
370.0 7.435 .003 34444. 34,

375,0 7.451. 003 34616. 35.
380.0 7.467 .003 :34789. 35,
385 .0 7*.483 .003 34963. 35,
:90 . 0 7 , 499 .003 318'. ,5.:+
395.0 7. "515 .003 35,.313. ,3,
400 40 7.528 .003 35490. 3,.
405.0 "7.5.45 .003 35667. 36.
410.0 7.56:1. .003 35846. 36.
41 5.0 7 +578 .003 36025 36*

420.0 7.595 003 36205. 36.

425.0 7.611 .003 36:386. 36.
430.0 7.624 .003 36568. 37.
435.0 7.641. .003 3671,.I. +37.
440.0 7.659 .003 36935,. 37.
445.0 7.676 .003 37:1.19. 37.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMEN'f NUMBER* 3*SENSOR DIAMETER*4*INCHES
* SENSOR FAIR NUMBER* 2**IANGI.-* 2*

AMPLITUDE SENSOR INCHES/D'[AL MICROSTRAIN MICROSTFRAIN/DIAL
D. I AL I-F'SA C I N G RE A D I A: I N (3

4 50.0 7.694 .003 37305. 37.
455.0 7.711 .003 37491. 37.
460.0 7.728 .004 37679. 38.
465.0 7.746 .004 37867. 38.
470.0 7.764 .004 38057. 38.
475.0 7.782 .004 38247. 38.
480.0 7.800 .004 38438. .38.
485.0 7,818 .004 38630. 39.
490.0 7.840 .004 38823. 39.

495.0 7.859 .004 39018. 39.
500,0 7.877 .004 39213. 39.

505.0 7.896 .004 39409. 39.
.510.0 7.914 .003 39606. 404

515.0 7.931 .004 39804. 40.
520.0 7.950 .004 40003* 40.
525.0 7.970 .004 40203. 40.
530.0 7,989 .004 40404. 40.
535.0 8.008 .003 40606. 41.
540.0 8*024 .004 40809. 41.
545.0 8.045 .004 41013. 41.
550.0 8.065 .004 41218. 41.
55540 8.085 .004 41424. 41.

560.0 8..06 .004 41.631. 42.
565.0 8.124 .004 41839. 42.

570.0 8.145 .004 42048. 42.
575. 0 : * 166 *004 42259. 42.

580.0 8. 188 .004 42470. 42.
585.0 8.209 .004 42682. 43.

590.0 8.230 .004 42896. 43.
595.0 8.252 .004 43110. 43.
600.0 8,274 -.004 43326. 43,
605.0 8,296 .004 435/'2. 44.

610.0 8.319 .005 437604 44,
615.0 84345 .005 43979. 44.

620.0 8.368 4005 44199, 44.
625.0 8 .39:1. .005 44420. 44.

630.0 8.413 .004 44642. 45.
635.0 8.434 .005 44865. 45.

640.0 8,458 .005 45089. 45.

645.0 8.482 .005 45315 45.
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BISON STRAIN GAGE IN TRtUMEN'T
CALIBRATION TABLES

* ** *** * **** ****** ********** ****** ** *** **

INSTRUMENT NUMBEE R* 3*SENSOR PI AMETER*4*INCHE
SENSOR PAIR NUMli'ER* 2**RANOE* 2*

AMPL.ITUDE SENSOR INCHES/DAI.. MI CROST RA I N MI CFR OSTR AIN / D I AL
VIAL. SF'ACING REA 1N G R E. A DI NG
650.0 ".30. .004 45541. 46.

655.0 8.526 .005 45769. 46.
660.0 8.551 ,005 45998. 46.
665.0 8.577 .005 46228. 46.
670.0 8.602 .005 46459. 46.
675.0 8.627 .007 46691. 47.
680.0 8.663 .005 46925. 47.
685.0 8.688 .005 47159. 47.
690.0 8.713 .004 47395. 47.
695.0 (13.734 .005 476,32. 48.
700.0 8,760 .005 47870. 48.
705 .0 8. 767 .005 481:10. 4'3
710.0 8.813 .006 48350. 41!3.
715.0 8.842 .006 48592. 49.
720.0 68 }69 .006 4G835. 49.
725.0 8.897 .006 49079. 49.
730,0 8,925 .007 49325 ,• 49.
735.0 8.959 .006 49571. 5(0
740.0 8,987 .006 49819. 50.
745.0 9.016 .006 50068. 50.
750.0 9.046 ,006 5031.8 50.
755.0 9.075 .006 50570. 51.
760.0 9.103 .006 50823. 51.
765.0 9,132 .009 5:1077. 51
770*0 9.175 .006 51.332. 51.
775.0 9.203 4006 5:1.589. 52.
780 .0 9.23:1. .007 5147. 52.
785.0 9,267 .,006 52:106. 52.
790.0 9.296 .006 52367. 52.
795 0 94 325 4006 52629 . 53.
800.0 9. 354 .006 5292 . 53.
805 .0 9.385 4006 53156. 53.
810.0 9.416 .005 34"2. 53.
815 .0 9,439 .007 53689. 215.
8.12 0 o 9.473 .007 54763. 350.
625.0 9,.507 .006 56513. 350.
830.0 9.539 .007 58262. 350.
835*0 9. 575 .007 600:12. 350.
840.0 9.:612 .008 61761. 62.
845.0 9.653 .008 62070. 62.
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BISON STRAIN GAGE INSrRUME N'T
C AL I R AT I0 N T A B I liS

INSTRUMENT NUMBER* 3*SENSOR DIAME'TER*4*lNCHIFS

SENSOR PAIR NUMBEI:R* 2**RANGE* 2*

AMPL IT TIiE SENSOR I NCHES/li :: AI.- MI COSTIRA N M I Cr R 0 PI A "1N/ i I AI

D I AL. SPA C I NG F1EA' D 1NL' F A i:' N.1 G
350 *0 9. 690 * 008 623 (31 62

855.0 9.728 .011 62692. 63.

860.0 9 .781 .007 63006. 63.

865,0 9. 8 It 7 .008 63321. 63.
870 0 9 + 856 .007 63638. 64.

87,J.0 9.892 .007 63956. 64,.

880.0 9.929 .010 64275. 64.

885.0 9.980 .007 64597, "77.

890.0 10. 016 o0"7 65980. 59.
395 ,50 10 , 051. 008 67276 * -59.

13~~~ '.) :1.0 051 .00.,

900.0 10. *091 .,008 68573 .. *.; 9

905.0 10.1.31. .009 69869. 259.

910 . 0 10.:74 .009 71:1.6 , 59 .

915.0 10.217 .009 72461. 59.
920 .0 10+262 .009 73.757 £" .. 5.

925.0 1.308 .009 ....

930 .0 10 .354 01. 0 755459 ".

93,5 .0 10.403 . 010 .5 3'7. 76.
9400 1 0 *,451 401.5 76216. 76 .

945.0 10.525 .01.0 76597. 19.
950.0 10..5 .008 771.93. 206.

955.0 10.618 .012 78225. 0 3.
960.0 10. 679 .006 79738. 119.

965.0 10.711 **** 80332. :1.19.
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i-i** **** *** ** *** ** ************* ****** * ****

BISON STRAIN GAGE INSTFRtJMENT
CAL :.BiRAT ION TABLES

,** ** * ** ** * ** * *** * * ** ** * *** ** *** * *** * ** * *

I NJST NEN- NUMTE* 3*SENSOR lI AIETER*4* INCHES
SENSOR PA:I*R NUMBER* 2**R ANGE* 3*

AMPLITUDE SENSOR I NCHES/D x P,... MI CRSTRA I N VCIROSTRAT N/ Y' IAIL
DIAL S F A C I N G R E A DI N G R E A f N G

240.0 10.081 .003 71q19 . 7:1.
245.0 10.097 .003 71776. 72.
250.0 10.114 .003 72135. 72.
255.0 10.1.30 ,003 72496, "" 2.260.0 10.146 .003 72858. 73.

265.0 10.163 .003 73222. 73.
270.0 10. 1.79 .003 73588. 74
275.0 10 1.96 .003 7,.:9,56. 74.
280 .0 10. 212 .005 74326. 74.

. :1. 0 .236 .003 74693, 75.

290.0 10.253 .003 75071. 754,
295.0 10.269 .003 75446. 7,*.. -
300. 0 10 .2 . .003 7582.4, "76.
:305,0 10.301 .003 76203. 76.

310,0 10.31.7 .004 76584. 77.
315,0 10.336 .003 76967. 7- 7
320,0 10.352 .003 77351 . 77
325.0 10.369 .003 77738. 78+
330.0. 0.383 .003 781. 27, 3 "
335.0 10.402 .003 785:1.7. 794
340,0 10.418 .004 789:. 07?
345.0 10.436 .003 "79304, 79.
350.0 104, 453 +003 79701. ,.

355.0 10,470 .00:3 80099. . )
360 .0 10. 437 ( )0:3 30500 80,

365, 0 10.504 . 00,7, 80902 :.1

375.0 1.0.543 83171.3. 32.

-0 .0 :1. 0. 5 160 .003 S3021. 3 .
385 . 0 1.0 . 7 7 .003 1, 82 53 . 8, 3
390.0 10.509 .003 82945. 38
395.0 :1. 0 61 .2 003 83436, ( 334

400+0 10.626 *004 83777. 8.4
405.o0 1.t0 644 .004 8:1.95,'. .34.,

410 . 0 10.662 .004 846:16. 35.
4:L+ . 0 10 . 680 004 85039. 85.

420 .0 10.699 .00.4 3 546. .
425 .0 10. 717 .00'.5 ,:892. 36.
.430,0 10739 .004 36321. 86.
4:35.0 10.7 5 8 .004 67 5 3 + ,. 7.
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BISON STRAIN GAGE INSTRUMENT
CAL-IBRA F ON TABLE:S

i..: U M E ..I.* * * * *** ** * * ** *** * * ** *i *,1Et... i.,4" * *" *l *'l; *~ i * : * *3 *1 * *; *): * * *' *] *~ *[ * * *i * * , * i * .* ] * 4 * *

I N STR7kUMENHT NUMBER* 3*SENSOR III [AMj:* 'fE.7R*4*1 IrC H 1:S
SENSOR PA I R NUMBER* 2**RANGE* 3*

A 1 s: ElW SENSO0R 1,N Cl ff11./E'f I HT.. ("I CR 0ST A1 N MIT CROTRNA T N/UI
D.1 AL SPACING READNG I NllA IN G

A) ,.o 10,776 .004 37187 .7
4 45 . 0 10.795 *004 87623, 8.
450 0 10.813 .004 8806:1. 88.
45 . 0 10.835 .004 SB501. 89.
460.0 10.853 (004 83943. 39.
4,5 . 0 10 .871. .004 C9388. 89.

470.0 :1.0.890 .00'I 39335. 90.
475.0 10.903 .004 90284, 90.
4800 1.0.929 4004 90) 91
435.0 1.0.947 .004 91 139 91.
490.0 1. 966 ,,004 916451 92
495.0 1.0.964 .004 921 .4, 2,

500. 0 1,1. 003 *.004 9 56-1. 934
505 , 0 1 1 021 007 93027 9,31
510. 0 11.053 .003 93. 93,
5:15 .0 :11072 003 9-9 + 94,
520.0 11 .087 .003 94429. 94,
525 ±0 1.1. 10:1. .003 4 901. 9-,4
53( 0 . 0 1.1.115 *9-* 9, 33'75. 95.

A ,
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ABISON STRAIN GAGE INSTRUMENT
I CALIBRATION TABLIES

INSTRUMENT NUMBER* 4*SENSOR I:IAMETER*2*INCHEI'S
SENSOR PAIR NUMBER* 3**RANGE* 2*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MICROSTRAIN/D IAL

DIAL SPACING READING RE AD I NG
430.0 3.798 .002 34630. 60.
435.0 3. 808 .002 34928. 60*

|440.0 3,818 .002 35225. 60.

445.0 3.829 .002 35523. 60.
450.0 3.839 :002 35820. 60.
455.0 3.850 .002 36118. 60.
460.0 3*860 .002 36416. 60.
465.0 3.870 .002 36713. 60.
470.0 3.881 .002 37011. 60.
475.0 3.891 .002 37309. 60.
480.0 3.902 .002 37606. 38.
485.0 3.912 .002 37794. ,38.
490.0 3.922 .001 37983, 38.
495.0 3.927 .002 38173. 38.
500.0 3.938 .002 38364. 38.
505.0 3.949 .002 38556. 39.
510.0 3.960 .002 38749. 39,
515.0 3.971 .002 38942. 65.
120*0 3*9892 .002 39269o 70.

525.0 3.993 .002 39620. 70.
530.0 4.004 .002 39971. 70.
535.0 4.015 .002 40323. 70.
540.0 4.027 .001 40674. 41.
545.0 4.031 .002 40877. 41.
550.0 4.043 .002 41082. 69.
555.0 4.055 .002 41425. 7'.5
560.0 4.067 .002 41301. 75.
565.0 4.079 ,002 42176. 75.
',570.0 4.091 .002 42551 75.

/575.0 4.102 .002 42927. 43.
580.0 4.114 .002 43142. 61.
585.0 4.126 .001 43448. 78,
590.0 4.132 .003 43837. 78.
595.0 4.144 .003 44226. 78.
600.0 4.157 .003 446:16. 78.
605*0 4.170 .003 45005. 78.
610.0 4.183 .003 45394. 78.
615.0 4.196 .003 45783. 78.
620.0 4.208 .003 46172. 78.
625.0 4.221 .001 46562. 78,
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 4*SENSOR DIAMETER*2*INCHES
SENSOR PAIR NUMBER* 3**RANGE* 2*

AMPLITUDE SENSOR INCHES/DIAL. MICROSTRAIN MICPOSTRAIN/DIAL

DIAL SPACING READING A1 ADI NG

630.0 4.224 .003 46951. 78,

635.0 4.238 .003 47340. 78•.

640.0 4.252 .003 47729. 168.

645,0 4.266 .003 48568. 76.

650,0 4.280 .003 48946. 76.

655.0 4.293 .003 49324. 76.

660.0 4.307 .003 49702. 76.

665.0 4.321 .001 50080. 50.

670.0 4.328 .003 50331.. 50.

675.0 4.343 4 003 50582 . 79.

680.0 4.358 .003 50979. 82.

685.0 4.373 .003 1391. 82.

690.0 4.388 .003 51803. ...

695.0 4,402 .003 52215. 32.

700.0 4.417 .003 26 27. 53.

'705.0 4.432 .003 52890. 82.

j 710.0 4.447 .003 .3298. 86.
"715.0 4.463 .003 53729. 86.

"720,0 4.478 .003 54160. 86. .

725.0 4.494 .003 ,'-92. 86.

730.0 4.510 .003 55023. 86.

735.0 4.526 .001 55454. ,5,.5

'740.0 4.531 4003 55731,. 70

745*0 4.549 .003 56083. 99,

750.0 4.566 .003 56575. 99.

755.0 4.583 .003 57068. 99.

760o0 4.600 .003 5 7, 61 . 99.

7,65.0 4o617 .003 513053 . 99.

770.0 4.635 .003 5846. 7-2

775.0 4o651 .004 58906. 104 ,

780.0 4.669 .004 59425. 104.

785.0 4,688 .004 59943. 104.

790*0 4,706 .004 60462. 104.

795,0 .4.724 .002 60980. 61.

800.0 4.733 .004 61285. 64.

805.0 4.753 .004 6:1.603. 120.

810.0 4.772 .004 62200. 120.

81"5.0 4,792 .004 62798. 120.

820.0 .4.812 .004 63395. 63.

825.0 4,832 .004 6 3/12. 7Q,
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABILES

INSTRUMENT NUMBER* 4*SENSOR DIAMETER*2* INCI IFS
SENSOR PAIR NUMBER* 3**RANGE* 2*

AMPLITUDE SENSOR INCHES/'I AL. MICROSTRA IN MICROSThAIN/DIAL.
DIAL SPACING READING READING

830.0 4.851 .004 64108. :1.40.
835.0 4.872 .004 64810. 140:
840.0 4.893 .004 65512, 140.
845,0 4.914 .004 66214. 140.
850.0 4.936 ,004 66916. 140.
855,0 4.955 .005 67618. 137.
860.0 4.978 .005 68303. 1.52.
865.0 5,000 .005 69065. 1.52,
870.0 5.023 .003 69827. 71.
875,0 5,036 .005 701.81. . 1.67
880.0 5.060 .005 7:1.016. 1674
885. 0 5 , 085 .005 71851. :1.67 o
890.0 5.11[:0 .005 72686. :1.67.
895.0 5,135 ,,006 73521. 1.93.
900.0 5,162 .005 74485. 179.
905.0 5.188 *005 75379. :1.79.
910.0 5i.214 .005 76273. 179.
915.0 5.240 .005 77167, 172.
920.0 5.267 .006 78026. 192.
925 . 0 5.295 .006 78984. 1.92,
930.0 5.323 .004 79942, 118.
935.0 5,341 .006 80531. 209,
940.0 5.371 4006 81579. 209,
945.0 5.402 .006 82626. 209.
950.0 5.432 .008 83673, 306.
955.0 5.473 .006 85203. 197.
960.0 5.502 .006 86188. :1.97 .
965.0 5.531 .008 87:173. '81.
970.0 5.572 .006 88576. 183.
975,0 5,.599 .006 89492. 1.83*
980.0 5.627 .009 90409. 290.
985.0 5.670 . () 0,5 9:1.8f.59. 152.
990.0 5.693 .005 92618, 152..
995.0 5.716 .005 93376. 152.

1000.0 5,739 **** 94134, 94.
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I BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 4*SENSOR DIAMETER*2*INCHES
SENSOR PAIR NUMBER* 3**RANGE* 3*

AMPLITUDE SENSOR I NCHES/DIAL. MICROSTRAIN MICROSTRAIN/DIAL
DIAL SPACING RE:'AD I NG READING
.5.0L  4.807 .001 63046. 63.

10.0 4.815 .001 63361. 63.
15.0 4.822 4001 636/8. 64.
20.0 4.830 .001 63996. 64,
25.0 4.837 .001 64316. 64.
30.0 4.845 .001 64638. 65.
35.0 4,852 .001. 64961. 65.
40.0 4.860 .001 65286. 65.
45.0 4.867 .001 6561.2. 66,
50,0 4.875 .001 65940. 66.
55.0 4.882 .001 66270. 66.
60.0 4,890 .001. 66601. 67.
65,0 4.897 .001. 66934. 67,
70.0 4.90'5 4001 6'7269. 67.
75.0 4.912 .001 67605. 68.
80.0 44920 .001 67943. 68.
85.0 4.927 .001 68283. 68.
90.0 4.934 .002 68624. 69.
95.0 4.941 .002 68967. 69.

100.0 4.949 .002 693:12. 69.
105.0 4.957 ,002 69658. 70.

*4 110.0 4.965 .002 70007. 70.
:115.0 4.972 .002 70357. 70.

* 120.0 4.980 .002 70708. 71.
125.0 4*988 .002 71062. 71..
.130.0 4.996 .002 71417, 71,
135.0 5.003 .002 7:1.774. 72..
140.0 5.01:1. .002 72133. 72.
145.0 5. 01. 9 .002 72494. 72.
150.0 5.027 .000 72856. 73.
155.0 5.027 .002 73220. 73,
160.0 5. 035 .002 73586. 74.
165.0 5.043 .002 73954. 74.
170.0 5.052 .002 74324, 74,

A 175.0 5.060 .002 74696. 75.
180.0 5.068 .002 75069. 75.
.85.0 5,077 .002 75444s 75.
190.0 5.085 .002 75822. 76.
195.0 5.093 .002 76201. 76.
200*0 5.102 .002 76582. 77.
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'BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 4*SENSOR DIAMET"R*2*1'NCHES
SENSOR PAIR NUMBER* 3**RANGE* 3*

AMPLITUDE SENSOR INCHES/DIAI... MICROSTRAIN MICROSTRAIN/DIAL
DIAL SPACING R E A DI N (3 R E A DI N 0

205.0 5110 .002 769654 77.
210.0 5.118 .002 77349: 77.
215*0 ,5.1.26 0000 "77736. 78.
220.0 5.127 °002 78125. 78.

225.0 5.136 .002 78515. 79,

230.0 5.145 .002 78908. 79.
235.0 5.154 .002 79302, 79.
240.0 5.163 .002 79699. 80.
245.0 5,172 .002 80097. 80*
250.0 5.181 .002 80498. 80.
255.0 5o190 .002 80900, 81.
260*0 5.199 o002 81305. 81.
265,0 5,208 4002 81711.. 82.
270.0 5.217 .002 82120. 82.
275.0 5,225 .000 82530. 83.
280.0 5.226 .002 82943. 83.
285.0 5.236 o002 8,3357. 834
2.90.0 5245 *002 83774. 84.
295.0 5,255 .002 84193° 84.
300.0 5.265 .002 8461.4. 85.
305.0 5.274 .002 85037. 85.
310*0 5.284 .002 85462. 85.
315I0 5294 *002 85889. 86.
320.0 5*303 .002 86319. 86.
325.0 5.313 .002 86750. 87.
330,0 5*322 .000 87184. 87.
335.0 5.323 .002 87620. 88.
340.0 5 .333 .002 88058. 88.
345.0 5.3.44 .002 88498. 818.
350 .0 5* *354 .002 88941 * 89
355.0 5. 364 .002 89385 . 89.
360 * 0 !5.375 .002 89832o 904
365 .0 5.385 .002 90281. 90.
370.0 5.395 .002 90733. 914
375,0 5.406 .002 91186. 91.
380.0 5.41.6 .002 91642. 92*
385.0 5.426 .001 92101. 92.
390.0 5.431 .002 92561. 93.
395.0 5.442 .002 93024. 93.
400.0 5.453 002 93489. 934
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 4*SENSOR DIAMETER*2*INCHES
SENSOR PAIR NtUMBER* 3**RANGE* 3*

AMPLITUDE SE:NSOR INCMHES/DIAL MICROSTRAI N MICROSTRAIN/DIAL
l DIAL SPACING READING READBING

-105.,0 5.464 .002 93956, 94,
410.0 5.475 .002 94426. 94.
415.0 5.486 .002 94898. 95.
420.0 5,497 .002 95373. 95.
425,0 5.508 .002 95849. 96.
430.0 5.519 .002 96329. 96.
435.0 5.530 .001 96810, 97.
440.0 5.537 .002 97294. 97.
445.0 5.548 .002 97781. 98,
450.0 5.560 . 002 98270. 98,
455.0 5.572 .002 98761. 99.
460.0 5,584 .002 99255. 99,
465.0 5.596 .002 99751. 100.
470.0 5,607 .002 :1,00250. 100.
475,0 5.619 .002 100751, 101.
480.0 5.631 .001 101255. 1. 01. +
485.0 5.637 .003 :1.01761. 102,.
490.0 5.650 .003 102270. 1024
495.0 5.662 .003 102781. 103.
500.0 5.675 .003 103295. 103.
505.0 5.687 .003 103811. 104,
510.0 5.700 .003 104330. 104,
515,0 5.713 .003 104852. 105.
520.0 5.725 .001 105376. 105.
525.0 5.729 .003 105903. 106.
530.0 5.742 .003 106432o 106,
535.0 5.756 .003 106965. 107.
540.0 5.770 .003 107499, 107,
545.0 5 * 783 .003 108037. 108.
550.0 5,797 .003 108577. 109.
555.0 5*810 .003 109120, 109.
560.0 5,824 *002 :1.09665, :110*
565.0 5.836 4003 1.10214. 1 10.
570.0 15.850 .003 .110765. iii•*
575,0 5,86.4 003 111319* Ill.

580*0 5.878 4003 111875* 1.12.
585.0 5*892 0003 112434, 112o

j41590.0 ',!j906 4003 1129974 1134
595o0 5.921 1001 113562, 114.

600.0 5.928 .003 114129. 114.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 4*SENSOR rIlAMETER*2*INCHES
SENSOR PAIR NUMBER* 3**RANGE* 3*

SAMPLITU DE SENSOR INCHES/DIAL MICROSTRAIN MICROSTRAIN/DIAL
DIAL SPACING READING RiEADING

605.0 5.943 .003 114700. 115.
610.0 5.958 .003 115273. 115.
615.0 5.973 .003 115850. 116.
620.0 5.988 .003 116429, 116.
625.0 6.003 .003 117011. 117.
630.0 6.018 .003 117596, 118.
63540 6.033 .004 118184. 118.
640.0 6.05:1. .003 118775. 1:19..
645.0 6.066 .003 119369. 119.
650.0 6.081 .003 119965. 120.
655.0 6,097 .003 120565. 1.21.
660.0 6. 1.:2 .003 121168. .1. 21.
665*0 6.127 .002 121774. 122.
670.0 6.1.38 .003 122383. 122.
675.0 6.154 .003 122995. :123.
680.0 6,171 .003 123609. 124.
685.0 6.187 .003 124227. 124.
690.0 6.203 .003 124849. 125.
695.0 6.220 .003 125473. 125.
700,0 6.236 ,003 126100. :1.26.
705,0 6,253 ,003 126731. 127.
710.0 6,270 .003 127364. 127.
715.0 6.288 .003 128001. 128.
720.0 6.305 .003 128641. 129.
725.0 6.322 .001 129284, 129.
730.0 6*328 .004 129931. 130.
735.0 6.347 .004 :1.30580. 131.
740.0 6.366 .004 131233. 131.
745.0 6.384 .004 131889. :1.32.
750*0 6.403 .004 132549. 1.33.
755.0 6.422 .002 133211. 133.
760.0 6.431 .004 133877. 134.
765.0 6.452 .004 134547. 135.
770.0 6.473 .004 1352:1.9. 135o
775.0 6.493 .004 135895. 136.
780,0 6.514 .004 136575. 137.
785.0 6.534 .004 137258* 137.
790.0 6.555 .004 137944. 138.
795,0 6.576 .004 138634. 139o
800.0 6,598 .004 139327. :1.39.

A-68



BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

** ******* **** ****** ******** *** ***** * *** *

INSTRUMENT NUMBER* 4*SENSOR DIAMETER*2*INCHES
SENSOR PAIR NUMBER* 3**RANGE* 3*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MICROSTRAIN/DIAL
DIAL SFACINO READING READING

805.0 6.620 .004 140023. :140.
810,0 6.641 .004 140723. 141.
815.0 6,662 .005 141427. 141..
820.0 6.685 .005 142134. 142.
825.0 6.707 .005 142845. 143.
830.0 6.730 .003 143559. 144.
835.0 6.745 .005 144277. 144.
840.0 6*769 .005 144998. 145.
845.0 6.793 .005 145723. 146.
850.0 6.817 .005 146452. 146.
855.0 6.841 .005 1.47184. 147.
860.0 6.865 .005 147920. 148.
865.0 6.889 .005 148659. 149.
870.0 6.913 .005 149403. 149,
875,0 6.938 .004 150150. 150.
880,0 6.960 .005 150900* 151.
885.0 6.986 .005 151655. 152.
890.0 7.012 .005 152413. 152.
895.0 7.039 .006 153175. 153.
900.0 7*068 .006 153941. 154.
905.0 7.095 .006 154711,. 155.
910.0 7.123 .004 155484. 1,55.
915.0 7.141 .006 156261. 156.
920.0 7.171 .006 157043. 157.
925.0 7.202 .006 157828. 158.
930.0 7.233 .007 158617. 159.
935.0 7.265 s006 159410. 159.
940.0 7.298 .006 1602.07. 160.
945.0 7.330 .006 161008. 161.
950.0 7.360 .007 161813. :1.62.
955.0 7.395 .007 162622. 163.
960.0 7.430 .008 163435. 1.63.
965.0 7.470 .007 1.64252. 164.
970.0 7.504 .007 1.65074. 165.
975.0 7.539 .01.0 165899. 166.
980.0 7.590 .006 166728. 167.
985.0 7.621 .008 167562. 168.
990.0 7.663 .006 168400. 168.
995.0 7*692 .006 169242. 169.
1000.0 7.720 **** 170088 170.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 4*SENSOR DIAMETER*4*INCHES
SENSOR PAIR NUMBER* 3**RANGE* 1*

AMPLITUDE SENSOR INCHES/DIAL M;ICROSTRAIN M I CROSTRA IN/I) IAL
DIAL SPACING READING RE:ADING

540.0 4.496 .003 11402. 13.
545.0 4.513 .003 11469. 13.
550*0 4,529 .003 11536. 13.

* 555.0 4.546 .003 11603. 13.
560.0 4.562 .003 11671. 13.
565.0 4.578 .003 11738. 13.
570.0 4.595 .003 11805. 13.
575.0 4.611 .004 11872. 1.3

580.0 4.632 .003 11939. 13.
585.0 4.648 .003 12006i 12
590.0 4,665 .003 1. 2066, 13
595.0 4.682 4003 12129-. 1.
.600.0 4.699 .003 12218. .1.8
605,0 4.716 .003 12307. 12,
610,0 4.731 .004" 1366. 12.
615.0 4.749 .004 1.2430 :1.2
620,0 4.767 .004 1'2492 14..
625.0 4,784 4004 12562. 21.
630.0 4.802 .004 12667. 21.
635.0 4,819 .003 12771, 13,
640.0 4.836 .004 12835. 13.
645.0 4.855 .004 12899. 13,
650.0 4.873 .004 12963,. 3.
655,0 4.891 .004 13077o 13.
660.0 4,910 .003 :131441 27,
665.0 4 , 925 .004 13278. 27,
670.0 4,944 .004 13412. 27.
675.0 4,963 .004 13545. .*.
680.0 4.982 .004 13679. ."
685.0 54002 .004 13 813. 2
690.0 5.021 .005 13947. 27.
695.0 5.047 .004 14081 50.
700.0 5,066 .004 14331. 25.
705.0 5.086 .004 1.44 5. 16.
710.0 5.106 .002 14547, 25,
715.0 5.115 .004 14672, 25.
720.0 5.136 .004 14798, 25.
725.0 5,1.58 .004 14923. 25.
730.0 5.180 4004 15048. 25.
735.0 5.201 .004 15173. 25.
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BISON STRAIN GAGE INSTRUME-NT
CAIIBRATION TABLES

INSTRUMENT NUMBER* 4*SI:F'NSOR DI AMETF R*4*:1 N CI.IIS
SENSOR PAIR NUMBER* 3**RANIT.* 11.*

AMPLITUDE SENSOR INCHES/DIAL. M I CR3TRf,0FrA'I tN4 I I AI.L
DIAL SPACING READING RAlin G

740.0 5.223 .005 :15299. 2 5.
745.0 5.250 .004 15424, 42.
750.0 5.273 .004 15634. 26.
755.0 5.295 .004 15763. "6.
760.0 5.317 .003 15891. 16.
765.0 5.333 .005 1.5970. 21.
770.0 5.357 .005 16076. 30.
775.0 5.382 .005 16224. 30.
780.0 5.406 .004 16372. 30.
785.0 54427 .005 16519. 2.
790.0 5.453 .005 16661. 31.
795.0 5.479 .005 16816. :1.
800.0 5.505 .005 :1.6900. 2,'5 .
805.0 5.531 .007 1 7025. 35.
810.0 5.567 .005 :1.720:1. 35.
81.5.0 5.594 .005 17377. 35.
820.0 5.620 .005 17553. 35,
825.0 5.642 .006 1.7729 , 34.
830.0 5.6"71 .006 17901. 43.
835.0 5.699 .006 1 811 3LJ. :. 43.
840.0 5.727 .007 18,326. 18.
845.0 5.761 .006 13418. 35.
850.0 5.79:1 .006 18593. 59.
855.0 5.820 .006 18887. 27+
860.0 5.848 .006 '1.902:1. . 65 .
865.0 5.880 .006 :1.9346. 65.
870.0 5.912 .006 19671., 66.
875.0 5.941 . 007 20000. 67.
880.0 5.975 .007 20334. 67.
8-85.0 6.009 4007 20667. 110.
890.0 6.045 .007 21219. 15.
895.0 6.080 .007 21493. 55
900.0 6.115 .008 21.767. 55.
905.0 6.154 .007 2204:1.. 105.
910.0 6.1.91. .007 22565. 26.
915.0 6.228 .009 "2695. 51.
920.0 6,273 .008 22952. 51.
925.0 6.311 .007 23203. 51.
930.0 6.345 .008 23465. 51.
935.0 6.386 .008 23722. 59.
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BISON STRAIN GAGE INSTI::UMENT

CALIBRATION TABLES

INSTRUMENT NUMBER* 4*SENSOR LIAMETER*:4* INCHES
SENSOR PAIR NUMBER* :3**RANGE* :1.*

fAMFL ITUDE SENSOR INCHES/ DIAL MI CRSTRA, N MI CFkOSI A I R,14/ I AL.
DIAL SPACING RE'ADING FI:.-EA l:'I N G
94. 6.42$.., ,O() 240180 44,940.0 6 . "S * 1' 1B44

945.0 6.480 .008 24236. 78,
950 40 6.522 .009 24624. 60.

955.0 6.567 .009 24925. 9.
960.0 6.61, -1 010 2-5387. 94
965.0 6*663 * 009 "k:) 9'" 94.

970.0 6 . 70$ * 011. 26330. 94.
975.0 6.765 . 008 26801 1.•"'

980.0 6.807 .012 2)74 9.o 12
98.0 64867 .006 1 83.I ..
990 . 0 6 .899 .006 23-' 23 .
9 40 6.930 **** ..871. 2

ii
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** ** * **** ** ** * ** ** ***** ** ** * ** ** * *** *. * *

BiSON STRAIN GAEI INSTRUMENT

CA LiB ATI N .AB E .. 1:7

INSTRUMENT NUMBER* 4SIENSOR :IAETFR*44 [i.K I KS

SENSO IR a NUMBE* 3*RANGE* R 7

A MP LIT UB T E, S EN S30 R I N HES / S I CA A III C 13 05: P A 1.4 NT C F. II AlI...

EIl AL IPACING REA I NC .I. Nb
10.0 6.533 *002 24519. 
15.0 6.595 .002 2464:1.. "5.

20.0 6.607 .002 24765.
25 .0 6 .619 .002 '"4:89 .
:30.0 6.631 .002 .5013.
35:40 4. 0. 643 .002 513.3 2

.40 0 6.5 4002 264 .
4.0 6.66,8 .002 25390.. 25.

50 .0 6.680 .002 95.7?.
I55. 6.' 5 0 6.6"
0.0 6. 0 , 002 7 3 ,

60.0 6 .4 004,2.. .

70.0 634 .002 26031
0 746 .1002 26 6126.

E3.0 6 7 5 .' .002 26292 6

3,0 6..' 0 4002 26424. 6

:0.0 6 00(2
95 * 0 6.794 002 2668.

100.0 6. 806 .001 26322.

:105.0 6.8 1.2 .003 2.6996. .
110,0 6.825 .003 2091

It 15 . 0 6.837 *003 27226.

120.0 6350 .003 27362. .

L25.0 6.362 0003 27499. .7.
1 0,0 6.875 .003 27637. 2

1 0 6.37 .003 (7777 . 28:
140.0 6.900 .003 27914.

15. 0 6.912 .003 2E3053.
:1.50 0 6+927 .003 >31 . - .

:1.... 3.0 6.939 0(3 23 57,

160.0 6. 952 003 2476 .
165'0 6.965 ,1003 28619. 29

170.0 6 .978 .003 28762 9
175 .0 6.991 .003 23909I *9.

130 0 7 . 003 .003 290,0 .

18.0 7.016 .003 29195. 9

190.0 7.030 .003 29341o 29.

-195.0 7043 .003 29483. 29.

200. 0 7.056 4003 29635. 30.
205.0 7.070 .003 29784, 30.
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BISON STRAIN GAGE INSTRUMENT

CALIBRATION TABLES

INSTRUMENT NUMBER* 4*,SI.CNSOR EIJAMETER*4*IN(HI{S
SENSOR PAIR NUMBER* 3**I.(ANGE* 2*

AMPL I TUDIE SENSOR INCHES/rIlAl MICROSTRAT N M I CRO0 S TPA I N/D I AL.
DIAL SPACING READING :R E:ADING

210.0 7.083 .003 29932. 30.
.... 0 7.096 .003 30082. 30.
220,0 7,109 .001 30232, 30.
225.0 71.16 .003 30384. 30.
230.0 7,130 .003 30536 3:1.
235,0 7,1.44 .003 306,8. 31.
240.0 7 .I5,9 ,003 30842., 31.
245,0 7.1.72 .003 30996. 31.
250,0 7,186 .003 31. 151,. 31.
255 ,, 0 7.200 .00,3 31307 . 31
260.0 7.214 *003 3:1.463. 31,
265,0 7.227 .003 31620. 32
'270,0 7.242 .003 3179. 32.
2"75.0 7,257 .003 3:1.937. 32.
280.0 7.271 ,003 32097, 32.
285,0 7.286 .003 32258.
290.,0 7.301 o003 324:1.9. 32.
295 . 0 7.315 .003 3258'1. 33,
300,0 7.329 .003 32744. 33.
305.0 7.344 4003 32908. 33,
310,0 7,359 4003 33072 33.
3:L5,0 7,375 .003 3323. 33.
320,0 7.390 .003 33404, 33.
325,0 7,405 .002 33571. 34.
330.0 7*41.3 .003 33739, 34.
335 ,0 7,430 .003 33907 , 34
340.0 7.446 .003 34077. 34,
345.0 7.462 .003 34247. :34,
7350, 0 7.4718 .00:3 :3441. S 34
3,5. 0 7.494 .003 :34591. 35.
360.0 7.5:10 .003 34763. "'3.5
365,0 7,527 .003 34937, 35
370.0 7.544 .003 35:L:1.2, 35.
:375.0 7*560 .003 35233. 35,

:380.0 7,577 .003 35464. 35.
385.0 7.593 .003 35641, 36.
390.0 7.610 4003 35819. 36.
395,0 7.625 ,003 35999, 36.
400.0 7.643 *003 36179. 36.
405.0 7.660 .003 36359. :36.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 4*SENSOR DIAMETER*4*INCHES
SENSOR PAIR NUMBER* 3**RANGE* 2*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN M I CROSTR AIN/rI* AIL
DIAL SPACING READING RIFIx) D NG

410.0 7.677 .003 36541. 37.
415.0 7.694 .003 36724. 37.
420.0 7.711 .003 36908. 37.
425,0 7.726 .004 37092, 37.
430.0 7.744 .004 37278, 37,.
43.0 7,762 .004 37464. 37,
440.0 7,780 .004 37651, 38.
445.0 7,.798 .004 37840. : ().
450.0 7.816 .004 38029. 33.
455.0 7*835 .004 382:1.9. 33.

46040 7.854 .004 38410, 3B,
465.0 7,873 .004 33602. 39
470.0 7,891 .004 38795. 39.
475.0 7,910 .003 38989, 39.
480,0 7,927 .004 39184. 39.
485.0 7,946 4004 39,380. 39.,
490.0 7.965 .004 39577* 40.
495.0 7. 985 .004 39'75 40
500.0 8.004 .004 39973. 40.
505.0 8.024 .005 40173. 40.
510.0 8.050 .004 40374. 40.
515.0 8.070 4004 40576. 41.
520.0 3.089 .004 40779. 41.
525 .0 8.109 .003 40933. 41.
530 40 8 .122 .004 4:1.188. 41..
535. 0 3 , :1.43 .004 41394 - 41
540.0 8.164 0(04 4101.
545.0 Z3. 185 .004 4 109. 4
550.0 8,206 *004 42013 .
555 .0 8, 224 .004 4.22.
560 .0 8.246 .004 42439, 4,

565.0 S.268 .004 42651# 43.
570.0 8.290 .004 42864. 43.
575.0 3.312 005 43079. 4"3.
580,0 8,338 .005 43294. 43.
5 350 8,361 .005 43511. 44.
590.0 8.383 .005 43728, 44.
595.0 3,406 .004 43947, 44.
600.0 8.425 .005 44:166. 44o
605.0 8.449 .005 44387, 44.
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:1 BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 4*SENSOR DIAMETER*4*INCHES
SENSOR 'AIR NUMBER* 3**RANGE* 2*

AMPLITUDE SENSOR INCHES/DIAL M I CIRO0STRAl N M I CFOt2TRAl H/ D I AL
DIAL SPACING RE ADING l1 A DIN G

610.0 8.473 .005 44609. 45.
615.0 8,497 .005 44832. 45.
620.0 8.520 .006 45056. 45.
625.0 8,550 .005 45282. 45.
630.0 8,574 .005 45508. 48.

- 635.0 8,599 .005 45747. 67.
640.0 8.623 .005 46082. 75.
645.0 8.650 .005 46458. 75,
650,0 8.675 .005 46834. 75.
655,0 8. 700 .005 47210. 75-
660.0 8.725 .006 47587. .1 .....
665.0 8.756 .005 48195. 73,
670.0 8.782 .005 43562. :73,
675.0 8.808 .004 48929. 73,
680.0 8.829 .005 . 49296, 73.
685.0 8.856 .005 4966'3. 98.
690.0 8.883 • 005 50152.. 50,
695.0 8. 911. 006 50403. 50.
700.0 8,940 .006 50655. 78.
705.0 8.969 .006 51046. 85*:,+
710.0 8.997 .006 51469, 85 .
715.0 9.02i .007 51392. I9.
720.0 9.061 .006 52539. 77.
725.0 9.090 .006 52926. 77.
730.0 9.119 .006 53312. 81.
735.0 9. 149 *006 53 715.. .30.
740.0 9.179 .006 54:11,5. 8().
745.0 9.209 .006 5451.4. 7.
' 75( 0 0 9, 238 o 006 r5497 - 310
,55.0 9.270 .006 55338. 88 ,

760.0 9. 302 .006 55773 33.
765.0 9.334 .009 56219.9 94.
"770.0 9.381 .006 56690. 91.
775.0 9.412 .005 57:147. 57.
780.0 9. 439 .007 57433. 33.
705.0 9.472 .007 57873. 114.
790.0 9.506 .007 58440. 90.
795.0 9.540 .007 58889. 122.
80). 0 9.575 .007 59498. 122.
80 +.0 9.611 .0 03 6010'7. 122.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TAI.1 ES

INSTRUMENT NUMBER* 4*SENSOR I)IAMETEFR*4* INCHI: S
* SENSOR PAIR NUMBER* 3**RANGE* 2*

I AMPLITUDE SENSOR INCHES/DIAL MICROSrRAIN MICROSTRATN/DIAL

DIAL SPACING READING RE Pl AD IN 8
810.0 9.650 .007 607164 61..

815.0 9*687 ;*007 61019. 118.

820.0 9.724 .009 61.612. 67.
825.0 9.768 .008 619.49. 283.

. 830.0 9,805 .007 63363. 23 .
035.0 9.839 4008 64779,24.
840.,0 9,880 4008 65988. 47264
845.0 9.920 .0(M) 68117.10
850.0 9.972 ,008 69168 210.

855.0 10.012 .009 70218. 10.

860.0 10.057 .008 71269. 210.

- 865.0 10.098 .008 72319. .04
870.0 10,140 .012 73370. 339.

875.0 10.199 .008 75064. 169.

880,0 10.240 .010 75907. 96.
885.0 10,290 .009 76387. 184.

(890.0 10,332 .010 77";06. 2.05.
895.0 10.383 .009 78332. 172.
900.0 10.427 .010 79192. 172.
905.0 10.477 .009 80051., 192.

910.0 10,523 .010 81009. 225.
* 915.0 10.574 .010 82136, 198.

920.0 10.622 .011 83127. 1984,

925.0 10.678 .010 84 11 7. 237.

930.0 10.728 .012 85302. 2'.)

9354.0 10 . 787 .010 86550 1. 98

940.0 :10.839 . 013 87540. 255
945.0 10.904 .011 8G8 1 6. 1.91.

950.0 1.0.957 . 01.4 .9773. ".).39.
955 40 11 . 0 027 40 . 90967. 1-70

960.0 11 . 081 . 011 9181.6. 258.
965 .0 11 138 .015 931[08. 263.

970.0 11.213 .012 94424. 281.

975.0 11 .274 .010 958331, 284.
,980.0 11.325 .014 97249. 397.

985.0 11.396 .004 99233. 113.[ 990.0 :11.418 99796. 100.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 4*SENSOR IIAMETER*4*INCAES
SENSOR PAIR NUMBER* 3**RANGE* 3*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MICrOSTRAIN/D IAL.
DIAL SFACING READING RE;i4liI 1G

30.0 9.788 .003 62167. 1 0.:.,; ,
35.0 9.802 .003 62692 0. .
40.0 9.817 .003 63216. 105.
45.0 9.832 .003 63741. 105.
50.0 9.847 .003 64265. 105.
55.0 9.861 .003 64790. 10.
60.0 9.876 .003 65314. 226.
65.0 9.891 .003 66444. 87.
70.0 9.906 .004 66878. 87.
75.0 9 926 .003 67312. 374
80.0 9.940 .003 67746. 87.
8 5.0 9.955 .0 0,5 68180. 8.
90.0 9.970 .003 68614. 87.
95.0 9. 984 .003 69048. 87.
100.0 9.999 .003 69482. 87*
105.0 10. 013 .004 69916. 87.
110.0 10.035 .003 '70350. 9.
115.0 10.049 .003 70784. 87,
120.0 10.064 .003 71218. 87.
125.0 10. 078 .003 71652. 3"72
130.0 10.093 .003 73514. 74.
135.0 10.107 .002 73882. 74.
140.0 10.117 .003 74251. 74.
145.0 10.132 .003 74622 75.
150.0 10.1.47 .003 74995, 75.
155.0 10.163 .003 75370. 75.
160 :. 0 ..178 .003 75747. 76
165.0 10.193 .003 761 2.6. 76,
170. 0 1 0. 208 4003 76506. 77 4
175.0 10.223 .003 76889. 7"7.
180.0 10.239 .003 77273. 77.
185.0 10.254 .003 77660, 78.
190.0 10.270 .003 78048. 78.
195.0 10. 285 .003 78438. 78.
200.0 10.301 .003 78830. 79.
205.0 104317 .004 79224. 79.
210.0 10.336 .003 79621. 80.
215.0 10.352 .003 80019. 80.
220.0 10.368 .003 8041.9. 80.
225.0 10. 384 .003 8082:1. 81.+
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 4*SENSOR DIAMETEFR*4*INCHIY[S
SENSOR PAIR NUMBER* 3**RANGE* 3*

AMPLITUDE SENSOR INCHES/DIAL MICROSTRAIN MI CROSTFA I /E I AL
DIAL SPACING READING R1A[:i I NOG

230.0 10.399 .003 8:1225. 81.
235.0 10.415 .003 81631. 82.

240.0 10.430 .003 82039. 82.
245.0 10.447 .003 82449. 82.
250.0 10.463 .003 82861. 83.
255.0 10.479 .003 83276, 83.
260.0 10*496 .003 83692. 84.

265.0 10.512 .003 84110. 84.
270.0 10.528 .003 84531+ 85.
275. 0 10. 545 .0003 94954. 0!-)

280.0 10.562 .003 8.5378. 85.
285.0 10.579 .003 " '5't" "30
290.0 10.596 .003 862.34. 86.
295.0 10.613 .003 86665. 87.
300t0 10.630 .004 87099. 87.
305.0 10.648 .004 87534. 88.
310.0 10.665 .004 87972. 88.

* 315.0 10 . 6 83 .004 8 8411. 88 .
320.0 10. 701 .004 88853. 189.
325 .0 10 718 .004 89298. 89+
330.0 10.738 .004 89744. 90.

335.0 10.756 .004 90193. 90.
340.0 10,774 .004 90644. 91.
345.0 10.793 .004 91097. 91.
350,0 10 . 8 11 .003 91. 5 2o 92.
S355 . 0 10.825 .004 92010. 92.
3600 10. 844 004 92470 . 92.
365.0 10.863 .004 92932. 93.
370.0 10.882 .004 93397. 93.
375.0 10. 901 .004 93864, 94

380.0 10.920 .005 94333. 94.
385.0 10.945 .004 94805. 95.

390.0 10.964 .004 95279. 95.
395.0 10. 983 .004 95755. 96.
400.0 11.003 .004 96234. 96.

405.0 11.022 .004 96715. 97.
410.0 11.043 .004 97199. 97.

4415.0 11.063 .004 97685. 98.
420.0 11.082 .004 98173. 98.

2 425.0 11.102 .004 98664. 99.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TA'LES

INSTRUMENT NUMBER* 4*SENSOR DIAMETER*4*INCHES
SENSOR PAIR NUMBER* 3**RANGE* 3*

AMPLITUDE SENSOR INCHES/DIAL. MICROSTRAIN MICROSTRA.IN/DIAL
DIAL SPACING READING I:LEADING

430.0 11.122 .004 99157. 99.
4350 1i:144 .004 99653o 100.
440*0 11*164 °004 100151* 100.

445.0 11.185 .004 100652. 101.
450°0 11.205 *003 101155. 101.
455,0 11.218 .004 101661. 102.
460.0 11.240 .004 102169. 102.
465.0 11.262 .004 102680. 103.
470.0 11,284 .004 103193. 103.
475.0 11.305 .005 103709. 104.
480.0 11.328 .004 104228. 104.
485.0 11.350 .004 104749. 105.
490.0 11.372 .004 105273. 105.
495.0 11.395 .004 105799. 106.
500.0 11*417 .006 106328, 106.
505.0 11.446 .004 106860 . 107.
510.0 11.468 .004 107394, 107.
515.0 11.491 .004 107931. 108.
520.0 11.513 .004 108470. 108.
525.0 11.535 .005 109013. 109.
530.0 11.558 .005 109558: 110.
535.0 11.582 .005 110105. .110.
540.0 11.605 .004 110656. 111.
545.0 11.626 .005 111209. 111.
550.0 11.651 .005 111765. 112.
555.0 11.675 .005 112:324. 112.
560.0 :11,700 005 112886, 113.
565.0 11.724 .007 113450. 113.
570.0 11.759 *005 114017. 114.
575.0 11,783 .005 114587. 115.
580,0 1.1808 .004 115160o 115.
585.0 11.828 .005 115736. 116.
590.0 11.854 4005 116314. 116,
595.0 11.880 .005 116896. 117.
600.0 11.905 °005 117480. 1174
605.0 114931 .005 118068. 118.
610.0 11.958 .005 118658. 119.
615.0 11.984 .005 119251. 119.
620.0 12.011 .007 119848. 120o
625.0 12,044 .005 120447o 120.
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BISON STRAIN GAGE INSTRUMENT
CALIBRATION TABLES

INSTRUMENT NUMBER* 4*1SENSOR DIAMETER*4*'INCHES
SENSOR PAIR NUMBER* 3**RANGE* 3*

AMPLITUDE SENSOR INCHES/DEAL M ICF(OSTRAN M ICROSTRAIN/DIAL
DIAL SPACING READING READING

630.0 12.070 .005 121049. 121.
635.0 12.096 .005 121654o 122.
640.0 12.122 .008 122262 122.
645.0 12.164 .005 122874. 123,
650.0 12.187 .005 123488. 123,
655.0 12.211 .007 124105, 124.
660.0 12.245 .004 124726. 125.
665.0 12.267 .004 125350. 125.
670:0 12.290 .004 125976. 126.
675.0 12.312 **** 126606. 127.
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NORTH FIELD CRATER INSTRUMENTATION DATA REPORT
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INTRODUCTION

To verify the results of the New Mexico Engineering Research Institute

(NMERI) Bomb Damage Repair (BDR) computer code, which predicts the response of

repaired bomb craters to aircraft loads, a crater instrumentation plan was

developed. The instrumentation plan defined the types of data measurements

that should be made during field testing of a repaired crater. These data

could then be used for comparison with and verification of the NMERI BOR code

predictions, specifically deflection, stress, and strain.

The instrumentation plan as originally contracted to NMERI required a

recommended list of measurements and requisition and/or fabrication of the

instrumentation necessary for NMERI BDR code verification. After acquiring

the equipment, NMERI was to instruct AFESC technicians and engineers on

instrumentation installation and operation. As a result of personnel changes

at AFESC, the NMERI contract was amended to include instrumentation of one

crater at the North Field, South Carolina, test site. NMERI was unable to

perform detailed evaluations of the recommended instrumentation prior to the

North Field test because of the restricted time schedule. Also some of the

recommended instrumentation was not available due to manufacturers' delivery

problems. The result was the placement of six instruments in the crater at

North Field to record pressure in the crushed limestone layer due to load cart

and aircraft traffic.

CRATER INSTRUMENTATION

As a result of equipment requisition and availability problems, only

pressure gages were placed in the large crater at North Field. The pressure

gages, termed "flatjack" pressure gages and shown in Figure B-l, were manufac-
tured by two companies, Terra Tek of Salt Lake City, Utah, and Geokon of West

Lebanon, New Hampshire. These gages were calibrated by NMERI for both static

and dynamic response.

The static calibration test consisted of recording the analog output of

the gage as the load on the gage was slowly increased. The results of these

tests indicated a linear response between the gage output and applied load,
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Terra Tek 'flatjack* pressure gage

12 in 11 ~ I_____

Pressure transducer

Gag thcknssapproximately 1/8 in.

Geokon "fiatiack" pressure gage

Pressure transducer

Gage thickness approximately 3/8 in.

Figure B-1. Crater Pressure Gages.
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except at low stress levels where boundary conditions of gage construction

caused nonlinear behavior. Data recorded at North Field that were considered

to be in this nonlinear range are indicated by an "x" following the data

values in Tables B-1 through B-3. The following is a brief description of

the terms used in the tables:

Pass No. = the pass number during the first 10 coverages
(96 passes) after compaction of the crushed
limestone, corresponding to a maximum pressure as
indicated by the pressure gage output

T = Terra Tek gage

G = Geokon gage

1, 2, ... = gage number

x = pressure value is in nonlinear range of gage as indicated
by static calibration curves

OP No. = operation number

OP type = operation type

TX = taxi (east-to-west direction)

TXR = taxi, return (west-to-east direction)

T/G = touch and go

TO = takeoff

L = landing

ST = static

Offset = center-main gear distance offset specified as feet-inches

Dynamic calibrations were performed on one gage by placing the gage in

Ottawa sand, loading the sand via a large diameter plate, and utilizing the

NMERI Instron dynamic testing equipment to vary the frequency of the applied

load. These tests were performed at different frequency ranges and indicated

a decreasing gage voltage output with increasing frequency.

Four Terra Tek and two Geokon pressure gages were placed in a large crater

at North Field as shown in Figure B-2. Terra Tek gages are indicated by a

square (Nos. 1, 2, 3, and 4); Geokon gages are indicated by a circle (Nos. 5

and 6). The gages were arranged to account for aircraft wander, and measure-

ment of pressure attenuation and distribution within the crushed limestone

layer.
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TABLE B-1. UNCORRECTED F4 LOAD CART PEAK PRESSURE DATA.

Peak pressure, lb/in2
Pass

No. T-1 T-2 T-3 T-4 G-5 G-6

6 a5.8 a52.77 0.38x 1.68 0.71x 1.99X
10 5.83 1.79 1.03x 831.55 0.61x a36.04
14 0 0 a38.54  6.29 a33 .36  8.16x

34 0 0 a52.63  5.67 a33.59  8.96x

37 3.69 0.99 0.94x a33 .21  4.07x a41*02
38 1.17 0.60 1.69x a361.x a48.18

42 a698.9 a4.0 0.29x 1.76 0.30x 1.70x

48 a67.58  a35.72  0.29x 2.55 0.30x 2.99x
a a52 3.11 0.39x 2.06x 4.51.83x 44.80
a30 4  a54 0 0 14.48 3.78.14x 31.24

56 0 0 a 55.36 4.33 a39.28 6.37x

74 0 0 a6.42.16 a53.92' 3.19x

78 0.59x 0 3.57x a,.42.65x a51.17
a 686 a

81 6.6 37.31 0 1.28 0.71x 1.80x

84 a82 a72.23 0.75x a0.69x 1.42x a0.70x
89 0.96 0 4.23 34.98 3.06x 56.15

92 0 0 460.89 5.50 a43.14 8.17x

63.03 49.21 53.21 39.32 40.66 44.09

SD 6.43 14.73 9.04 9.06 8.47 8.68

:1x 56.12 45.23 42.66
SD 12.96 11.31 8.391x 43.95
SD 9.82

a. Peak pressure recorded when the load cart passed above the gage.
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\TABLE B42. UNCORRECTED F4 AIRCRAFT PEAK PRESSURE DATA.-

Peak pressure, lb/in'

OP OP Offset,\
No. type ft-in T-1 T-2 T-3 T-4 G-5 G-6

1 TX 8-9 0 0 2.34x 6.24 3.28x 24.88

2 TX 9-0 0.43x 0 1.88x 7.33 3.92x 28.19

9 TX 9-0 0 0 3.85 4.53 13.68 17.57

10 TO 9-9 2.48 0 0.93x 8.15 2.99x >32.38

11 TO 10-3 3.58 0 0.23x 2.26 0.95x 17.72

18 T/G 8-1 0 0 0.72x 0 5.75x 10.56

1.9 L 11-9 35.70 1.72 0 0 0 0.40x

*20 TO 9-6 0.59x 0 1.29x 6.55 3.68x 24.25
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TABLE B-3. UNCORRECTED C130 AIRCRAFT PEAK PRESSURE DATA.

Peak pressure, lb/in 2

OP OP Offset,
No. type ft-in T-1 T-2 T-3 T-4 G-5 G-6

3 TX 7-0 0 0 1.77x 0 16.16 1.03x
4.31 0 16.16 0.87x

4 TXR 6-2 0 0 17.53 3.60 26.28 3.39x

18.96 3.56 22.51 7.60x

5 TX 6-5 0 0 0.38x 0 7.95 0.32x

0 0 8.44 0.43x

6 TXR 6-3 0 0 8.09 1.32 32.08 4.96x

12.69 1.63 28.32 4.10x

7 TO 6-6 0 0 0 0 5.67x 0.27x

0 0 5.10x O.24x

8 L 6-0 1.71 0 0.57x 0 2.OOx 31.73

1.71 0.83x 0 1.83x >31.73

11 ST 6-1 0 0 30.66 1.29 28.28 1.66x

28.96 1.25 29.39 1.59x

12 TX 6-9 0 0 3.84 O.60x 26.25 1.09x

7.95 0 26.25 0.98x

13 TXR 6-9 0 0 13.60 2.73 29.61 7.63x

, 16.47 2.60 24.61 6.30x

14 TX 6-9 0 0 1.29x 0 19.68 O.4ox

2.79x 0 20.25 O.50x

15 TXR 6-9 0 0 3.48 0 26.33 1.18x

6.20 0 24.72 1.15x

16 L 5-7 0 0 1.40x 0 19.12 0.62x

2.79x 0 20.81 0.67x

B-7



11 ft
9 ft

7 ft-

/21.inI

L Top of compacted pushback

Edge of crater

Excavated area

m ,,
Crater

transverse

I ft I

Figure B-2. Pressure Gage Location.
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Before placement of the gages, the crushed limestone material was exca-

vated to a depth of 24 inches, corresponding to the top of the compacted

pushback material. Seismic velocity measurements were performed on the com-

pacted pushback. Its average propagation velocity was determined to be

1700 ft/s. Assuming a density of 125 lb/ft3 for the compacted pushback, its

elastic modulus was calculated to be 77,900 lb/in 2 . Measurements were also

made on the crushed limestone material along the longitudinal centerline of

the repair area, indicating an average velocity of 1410 ft/s. An elastic mod-

ulus was calculated to be 57,900 lb/in 2, assuming a density of 135 lb/ft3 . If

a density of 145 lb/ft3 is used, the corresponding elastic modulus is

64,300 lb/in 2 , an increase of 7.4 percent. No density measurements were made

on the repair, but 135 to 145 lb/ft 3 are reasonable densities to assume. The
velocity measurements indicated a 34-percent greater modulus for the compacted

pushback compared to the modulus of the crushed limestone. This is contrary

to what was expected. It was presumed that the crushed limestone material

would have a higher modulus than the compacted pushback. This may be due to

the presence of in situ moisture in the compacted pushback combined with the

large amount of traffic over the material by heavy construction equipment,

causing the pushback to have a higher modulus than the limestone. The lime-

stone modulus was calculated to be 57,900 lb/in 2 , using an average velocity of

1410 ft/s and an assumed density of 135 lb/ft3 . If a higher density of

145 lb/ft3 and a 3-percent water content are assumed, then the elastic modulus

increases to 62,200 lb/in 2 . Therefore, it appears that the previously assumed

modulus of 100,000 lb/in2 for the crushed limestone may be inaccurate. Using

Hardin's equation to estimate the maximum shear modulus

1270 (2.973 - e)2 OCRk (C)I /2
G+ e1+e

where

G = shear modulus, lb/in 2

e = void ratio

OCR = overconsolidation ratio

k = a constant depending on plasticity

a0 = effective mean principal stress, lb/in 2

B-9
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Assume a wet unit weight of 145 lb/ft 3, a water content of 3 percent, and

a specific gravity of 2.65. The overconsolidation ratio is 1.0 for a granular

material and the mean principal stress on the material is 1 lb/in 2 . The void

ratio for the crushed limestone is calculated to be 0.22, which provides the

following equation for the maximum shear modulus:

G = 7890 (Fo)

For Uo = 1 lb/in 2 , the maximum shear modulus is 7890 lb/in 2 . Increasing the

mean principal stress to 7.5 lb/in 2 results in a maximum shear modulus of

21,610 lb/in 2 . The elastic modulus is calculated to be 20,510 lb/in 2 and

56,190 lb/in 2, respectively, assuming a Poisson's ratio of 0.3. Thus it

appears that the elastic modulus of 100,000 lb/in 2 for the crushed limestone

may be a high value. However, if the mean principal stress in the crushed

limestone is significantly greater ( 23.76 lb/in 2) an elastic modulus of

100,000 lb/in 2 is possible. The question lies in the amount of compactive

effort or energy retained by the crushed limestone.

The gages were located in the crater as shown in Figure B-2. A native

sandy material was used to seat the gages. This material was used on top of
the gages to provide good coupling between the gage and the backfill material.

After connectivity of the gages was checked, the excavated area was hand back-

filled with the previously removed crushed limestone to within 6 to 9 inches

of the repair surface. This was done to avoid damage to the gages. At this

point a front end loader was used to backfill the remainder of the excavation.

When completed, the vibratory roller compacted the limestone and the gage

output due to the roller was recorded. Compaction of the limestone followed

the recommended AFESC procedures. A sample of the gage output is shown in

Figure B-3.

TEST RESULTS

The output of the stress gages due to the vibratory roller, F4 load cart,

F4 aircraft, and C130 aircraft was recorded at North Field on analog tape.

This tape was digitized and appropriate portions of the data were plotted.

Peak stress values (lb/in 2 ) were determined and are shown in Tables B-l, B-2,

and B-3 for the F4 load cart, F4 aircraft, and C130 aircraft, respectively.
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The 10 coverages placed on the crater repair by the load cart started at

the south side of the traffic section, progressed to the north, and then

returned to the south (Table B-4). For the F4 aircraft, one coverage is 9.6

passes of the aircraft main gear over a specified width of the crater repair,

which accounts for aircraft wander and width of the tire contact area. The

traffic area consisted of 12 traffic lanes 10 inches wide and centered at a

9-foot runway centerline offset. Traffic lanes I and 12 (south side) received

2 passes; lanes 2, 3, 10, and 11, 8 passes; lanes 4 through 9, 10 passes. The

load ca-rt was driven forward in traffic lane 1; this corresponds to pass

number 1. Then the load cart was backed over the crater repair, causing a

second pass in approximately the same traffic lane. The load cart was then

driven forward over traffic lane 2 corresponding to pass number 3 (Table B-4).

Table B-1 presents the peak stress recorded by the gages during load cart

trafficking.

Due to the inaccuracies of the load cart traffic system, the load cart

may not have trafficked each lane twice in the same location. For example,

the load cart may have been backed over the crater repair in the same traffic

lane or in an adjacent lane. This caused the peak stress due to the load cart

to occur on passes that were not perfectly above the gages. Gages T-l and T-2

are shown in Table B-4 to be beneath traffic lane 4. However, analysis of the

recorded data indicated a higher stress when the load cart was in traffic

lane 3. Therefore, it was decided that the load cart was more directly over

the gages in lane 3 than in lane 4 and the lane 3 data were tabulated. This

occurred for gages T-4, G-6, T-3, and G-5.

The values of the peak stress recorded when the load cart passed over the

gage (Table B-l) were used to compute the mean (T) and standard deviation

(SD) of the peak stress, presented at the bottom of Table B-1 for each gage

and combinations of gages. A value of zero indicates no data were collected

or the stress level was insignificant. There was considerable scatter in the

data, and standard deviations ranged from a low of 6.43 lb/in 2 for gage T-l to
a high of 14.73 lb/in2 for gage T-2. Gages T-3, T-4, G-5, and G-6 have stand-

ard deviations of 9.04, 9.06, 8.47, and 8.68 lb/in 2, respectively. This may

be an indicator of the quality of the gage-backfill coupling, placement tech-

nique deviations, or compaction efficiency.

B-12
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After completion of the 10 coverages of the crater repair, the load cart

was positioned directly above gage T-4 and then above gage G-6 to record

static load data. Table B-5 shows the peak pressure values recorded when the

load cart was positioned over these gages.

* ITABLE B-5. STATIC LOAD CART PEAK PRESSURE DATA.

Gage number
Load cart
position T-l T-2 T-3 T-4 G-5 G-6

T-4 0 0 1.13 31.2 5.22 5.81

G-6 0 0 3.57 6.32 *1.61 34.54

These data were used to construct a pressure attenuation curve (Fig-

ure B-4) that illustrates the peak static stress as a function of distance for

the 21-inch depth in the crushed limestone. A line extends through the mean

peak pressure values. It can be seen that the peak pressure attenuates rapidly

from a value of 32.9 lb/in 2 directly beneath the load to 5.2 lb/in 2 at a dis-

tance of 2 feet and 1.4 lb/in 2 at 2.8 feet.

Note that gages T-l and T-2 indicated no pressure compared to gages T-3

and G-5 that indicated pressures around 5 lb/in 2, all located 2 feet from the

load. Two possibilities existed: gages T-1 and T-2 failed, or a discontinu-

ity in the crushed limestone backfill prevented the applied pressure from being

distributed to the material around the gages. The first possibility was elim-

inated, because data were recorded for load cart traffic (Table B-1) when the

load cart passed directly over gages T-l and T-2. Note also a similar trend

in the Table B-1 data for gages T-l and T-2. Therefore, the probable cause for
the zero pressure response is a discontinuity in the vicinity of gages T-1 and
T-2. Since the instrumentation cables exited the crater repair near gages T-1

and T-2, the vibratory roller operator was advised to use extreme caution to

avoid trafficking the cables. In so doing, the crushed limestone material in

the vicinity of the cable exit may not have been compacted to the same degree

as was the material from the crater's edge. Also, to avoid additional pave-

ment cracking, the roller vibrator was not activated until the roller was some

distance into the repair and completely on the crushed limestone. This is

another possible cause for a discontinuity to exist near the crater's edge.
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Upon comparison of the static peak pressure (Table B-5) with the dynamic

load cart data (Table B-l), it was evident that the moving load indicated a

greater pressure than the static. This suggested a possible gage resonance

response. The collected data were analyzed to determine the principal fre-

quency of the applied dynamic pressure. For a linear system, the frequency is

determined using the following equation:

f 0.35

tr

where f = frequency of signal (Hz)

tr = rise time between 10 and 90 percent of the peak response
(seconds)

A large number of signals was reviewed and the predominant frequency of

the dynamic load cart data was found to be 20 to 25 Hz. An effort was made to

evaluate the gage output voltage as a function of frequency, but problems with

the dynamic calibration equipment prevented any conclusive data from being

collected. After the North Field test, an alternate approach was taken to

evaluate the dynamic response characteristics of the gage utilizing digital

signal processing and fast Fourier transforms (FFTs). In this method the gage

was subjected to an impact load and the corresponding gage response was digi-

tally recorded by a minicomputer. An FFT of the signal was performed that

provides the modulus and phase as a function of frequency. By looking at the

modulus of the gage signal due to an impact load, peaks can be detected that

indicate resonant frequencies of the gage, when compared to troughs or lower

modulus values that indicate attenuation frequencies and mean gage perform-

ance. Figure B-5 is an example of an FFT from a impact load on a pressure

gage, illustrating the mean performance of the gage (dashed line) and a pos-

sible resonant frequency of 21 Hz. It is logical to anticipate that the gage

will indicate a higher pressure compared to the mean, if the frequency of the

induced pressure wave corresponds to a resonant frequency. Thus, a correction

factor is necessary to adjust the data for more accurate reflection of the

actual stress applied to the gage. The ratio of the modulus at 21 Hz to the

mean gage response is approximately 3. A correction factor of one-third was

developed for the data collected at North Field. The load cart traffic data

(Table B-1) were multiplied by one-third, resulting in the dynamic pressures
being approximately 10 to 50 percent of the static pressure (Table B-6).

B
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TABLE B-6. CORRECTED DYANMIC F4 LOAD CART DATA.

4 Pass _________ Pe~Pak pressure, lb/in 2  
__________

No. T-I T-2 T-3 T-4 G-5 G-6

6 18.20 17.59 0.13 0.56 0.24 0.66
10 1.94 0.60 0.34 10.52 0.20 12.01
14 0 0 12.85 2.10 11.12 2.72
34 0 0 17.55 1.89 11.20 2.99
37 1.23 0.33 0.31 11.07 1.36 13.67
38 0.39 0.20 1.23 14.55 0.54 16.07
42 23.29 16.20 0.10 0.59 0.10 0.57
48 22.53 11.91 0.10 0.85 0.10 1.00
52 1.04 0.13 0.69 15.85 0.61 14.93

54 0 0 4.83 10.16 2.71 10.41
56 0 0 18.45 1.44 13.09 2.12
74 0 0 20.05 0.72 17.97 1.06
78 0.20 0 1.19 17.95 0.88 17.05
81 21.63 12.44 0 0.43 0.24 0.60

84 19.41 24.08 0.25 0.23 0.47 0.23

89 0.96 0 1.41 11.67 1.02 18.72
92 0 0 20.29 1.83 14.39 2.72

x 21.01 16.40 17.84 13.11 13.55 14.70

SD. 2.14 4.91 3.01 3.02 2.82 2.89

x 18.71 15.08 14.22
SD 4.32 3.77 2.80

x 14.65

SD 3.27
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A more precise correction factor could be determined through development

of the gage transfer function. However, the transfer function would vary with

the type of soil in which the gage was placed and the boundary conditions

placed on the gage due to the backfill material. Gages that are placed in

backfill materials of different degrees of compaction, causing a different

amount of confinement of the gage, will produce different responses. These

factors cannot be easily evaluated and each application must be individually

analyzed as to how these factors affect the gage response.

Figures B-6a, b, and c present the dynamic peak pressure attenuation

plots of the data presented in Table B-6. The dynamic pressure attenuation as

a function of distance is approximately the same as the pressure attenuation

shown in Figure B-4. However, in Figure B-6c the dynamic peak stress at the
11-foot offset is greater, due to the shallower location of the gages (18

inches instead of 21 inches for the 9- and 7-foot offset gages), and the pres-

sure is shown to attenuate to a lower pressure level at the 9-foot offset

gages. The same observation can be seen in Figure B-6b. The load cart was
located at the 9-foot offset. The dynamic peak pressure indicated at the

11-foot offset is less than that indicated by the 7-foot offset gages, result-

ing in an asymmetric pressure distribution. This evidence tends to support

the previous hypothesis that a discontinuity existed in the region of gages

T-l and T-2 near the edge of the crater repair.

Table B-2 shows the peak pressure values for the operations of the F4

aircraft. As with the load cart data a correction factor should be applied to

the data to account for resonant response characteristics of the gages. The

aircraft data were analyzed using the same approach as the load cart data,

rise time of 10 to 90 percent of peak response to determine the frequency of

the signal. The frequency for the taxi operations 1, 2, and 9 was generally

proportional to the taxi speed. Operation 1 indicated 7 to 15 Hz, operation

2, 13 to 20 Hz, and operation 9, 17 to 25 Hz. However, due to the limited

amount of aircraft data, scatter in the collected data, and more widely vary-

ing frequency content in the pressure signal, no definitive statement can be

made concerning a correction factor on the dynamic aircraft pressure data.

The one-third correction factor applied to the dynamic load cart data is a
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reasonable approximation to apply to the dynamic aircraft data in lieu of no

correction factor. Upon comparison of the corrected F4 aircraft data using

the one-third factor with the static load cart data, the dynamic pressures are

approximately 25 percent of the static stresses. The limited amount of

dynamic aircraft data combined with the gage resonance characteristics prevent

a correlation from being established between aircraft speed and the corre-

sponding dynamic pressure. Under more controlled conditions and with a larger

data base, this correlation may be possible. A typical data record for the

F4 load cart is shown in Figure B-7.

Figure B-8 shows the static pressure distribution versus distance for the

F4 load cart data and the results of a BDR code posttest calculation (dashed

line). The input to the BDR code is given in Table B-7, and the elastic

moduli are those determined from the in situ seismic velocity tests on the

repair materials. The agreement is good.

An attempt was made to evaluate and correlate the aircraft's response,

specifically the main gear compression, with the crater pressure gage response.

Shown in Figure B-9 are load-time histories of the nose gear and the main gear

from the North Field Interim F4 Guidance Evaluation* as the aircraft passed

over the instrumented crater. The figure notes the times at which the nose

gear and main gear passed over the two steel tiedown plates that were used to

restrain the FOD cover. Also indicated is the time at which the main gear was

in the center of the crater repair and directly above the pressure gages. On

the basis of the time history, the wheel load was nominally at the aircraft

static weight. The main gear compression was caused by an increased slope of

the crater profile. As the main gear passed over the center of the crater,

the compression decreased to approximately the static weight, due to the down

slope of the profile. Thus the overregistration of the pressures cannot be

explained by an increased applied load, due to the oscillation of the aircraft.

A comparison of the posttest BDR code calculation and the static field

data for the C130 aircraft is shown in Figure B-1O. The input to the BDR code

was identical to that presented in Table B-7; it appears to provide an excel-

lent fit to the actual code.

*Evaluation by Captain David Lenzi, December 1980.
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TABLE B-7. BDR CODE INPUT FOR POSTTEST CALCULATION.

Elastic Wet unit Water
Material Thickness, modulus, Poisson's weight, content, Plasticity

in lb/in 2  ratio lb/in3  percent index (PI)

Crushed 24 62,200 0.25 145 4

limestone

Compacted 12 77,900 0.30 120 10 4
pushback

Fallback 72 10,000 0.35 100 10 4
Native

material -- 5,000 0.40 110 15 4

Table B-3 presents the peak pressure due to the C130 aircraft. The fre-

quency content of the pressure signal was similar to the F4 aircraft signals.

At slow taxi speeds the frequency was 7 to 15 Hz, showing a trend to increase

proportionally with speed to 17 to 25 Hz. Operation 11 was a static load test

and indicated pressures of 28 to 30 lb/in 2 beneath the load at the 21-inch

depth. Most of the data from the taxi, takeoff, and landing operations indi-

cate a lower pressure condition when compared to the static load. Again, no

specific correction factor can be applied to the data due to the variability

of the data. The C130 aircraft, with a centerline main gear offset of 6 feet,

never passed directly above the 7-foot offset gages. Therefore, the gages

never measured the peak static or dynamic pressure directly beneath the wheel.

However, it is reasonable to suggest that the dynamic pressure conditions of

the C130 aircraft are less than 50 percent of the static stress conditions on

the basis of the results from the analyses of the F4 aircraft and load cart

data.

CONCLUSIONS

The results of the seismic velocity tests on the compacted pushback and

the crushed limestone indicated elastic moduli of 77,900 lb/in 2 and

62,200 lb/in 2 , respectively. It appears that traffic by heavy construction

equipment caused the compacted pushback to have a greater modulus than the

crushed limestone. The quantity of compaction energy of the vibratory roller

retained by the crushed limestone is unknown, but is estimated to be the
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roller's static weight and corresponding pressure. If the energy of the
roller is significantly greater, then a previously assumed crushed limestone
modulus of 100,000 lb/in2 is possible. The efficiency of the vibratory roller
versus other compaction equipment should be investigated in the BDR applica-
tions. Seismic velocity measurements provide a rapid method of determining '
the in situ properties of the crater materials. Seismic velocity measure-
ments could be made to determine the quality of the repair before any aircraft

traffic is allowed to operate. Additional data need to be collected for a I
better estimate of the parameters required to evaluate the backfill materials
and repaired crater performance.

Static pressures measured under the F4 load cart and C130 aircraft com-

pared favorably with posttest BDR code calculations using the in situ elastic
moduli measured by seismic velocity tests. The correlation indicates that the
BDR code may be used to predict the performance of repaired craters, if the in

situ properties can be accurately estimated. Elastic properties of crater
backfill materials need to be studied for variability and how they are

affected by repair equipment such as vibratory rollers. Additional corf-ela-
tions of the measured and calculated responses of repaired craters should be

performed on a variety of repair materials and conditions before complete con-

fidence is gained in the BDR code.

Due to problems with the dynamic response characteristics of the pressure

gages, corrections to the dynamic load cart and aircraft traffic data were
necessary. The dynamic data indicated the frequency of the pressure wave was
nominally in the range of a gage resonance. On the basis of this conclusion,

the dynamic data were adjusted to indicate the pressure that is believed to
exist in the-crater repair area due to dynamic load application by an aircraft

or load cart. Dynamic pressures are approximately 10 to 50 percent of theii static pressures produced by the same wheel load. For the F4 load cart at ar
speed of 5 to 10 knots, the dynamic pressure is nominally 25 percent of the
static pressure. However, the F4 main gear compression time history indicates
that, due to a nonuniform and unlevel crater surface profile, wheel loads

greater than the static wheel load of the aircraft are possible. The 25 per-

cent value is appropriate to a level crater repair and was determined after a
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review of the F4 instrumentation time histories. If the gages had been

located closer to the front tiedown plate, greater pressures probably would

have been recorded, because a greater main gear compression is indicated on

the time history.

To determine more precisely the relationship between aircraft speed and

the corresponding pressure produced in the crater repair, instrumentation of

* repairs should continue with pressure gages that have been extensively eval-

uated for resonant frequency characteristics and their effect on the collected

data. Research should be directed at a dynamic BDR code that will allow the

dynamic response of the crater repair to be predicted due to a moving aircraft

wheel load. This type of a code could use as input for the applied load func-

* tion the main gear compression time history from an instrumented aircraft. In

this way the crater profile is not required to be known--only the response
of the aircraft to the profile. An alternative input could be the aircraft

responses calculated by an analytical method, such as the TAXI computer code.
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